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VECTORS AND COMPOUNDS FOR EXPRESSION 
OF HUMAN PROTEIN C 

SUMMARY OF THE INVENTION 

The present/invention provides novel DNA com- 
pounds and recombinant DNA cloning vectors that 
encode human protein C activity. The vectors allow 
expression of the novel DNA compounds in either eu- 
karyotic or prokaryotic host cells. The present inven- 
tion also provides host cells transformed with these 
novel cloning vectors. The transformed host cells ex- 
press human protein C or precursors, derivatives, or 
subfragments thereof. Many of the present DNA com- 
pounds can be used to produce protein C derivatives 
never before synthesized either in nature or in the labo- 
ratory, and the present invention also comprises these 
unique proteins. 

Protein C, a vitamin K dependent protein of blood 
plasma, is a protein of major physiological importance. 
In consort with other proteins, protein C functions as 
perhaps the most important down-regulator of blood 
coagulation resulting in thrombosis. In other words* the 
protein C enzyme system represents a major physiolog- 
ical mechanism for anticoagulation. The mechanism of 
action of the activated form of protein C and the mecha- 
nism of activation of the inactive zymogen into the 
active protease have been clarified in recent years (for 
review, see J. E. Gardiner and J. H Griffin, Progress in 
Hematology, VoL Xm, pp. 265-278, ed. Elmer B. 
Brown, Grune and Stratum, lno, 1983). 

To understand how activated protein C downregu- 
lates blood coagulation, the following brief description 
of the coagulation enzyme system is provided. The 
coagulation system is best looked at as a chain . reaction 
involving, the sequential activation of zymogens into 
active serine proteases eventually producing the en- 
zyme, thrombin, which through limited proteolysis 
converts plasma fibrinogen into the insoluble gel, fibrin. 
Two key events in the coagulation cascade are the con- 
version of clotting factor X to Xa by clotting factor DCa 
and the conversion of prothrombin into thrombin by 
clotting factor Xa. Both of these reactions occur on cell 
surfaces, most notably the platelet surface, and both 
reactions require cofactors. The major cofactors, fac- 
tors V and Vm, in thte system circulate as relatively 
inactive precursors, but when the first few molecules of 
thrombin are formed, thrombin loops bade and activates 
the cofactors through limited proteolysis. The activated 
cofactors, Va and Villa, accelerate both the conversion' 
of prothrombin into thrombin and also the conversion 
of factor X to factor Xa by approximately five orders of 
magnitude. Activated protein C overwhelmingly pre^ 
fers two plasma protein substrates which it hydrolyzes 
and irreversibly destroys. These plasma protein -sub- 
strates are the activated forms of the clotting cofactors, 
Va and Villa. Activated protein. C only minimally 
degrades the inactive precursors, clotting factors V and 
VIH Activated protein C in dogs has been shown to 
sharply increase circulating levels of the major physio- 
logical fibrinolytic enzyme, tissue plasminogen activa- 
tor. Activated protein C has been shown in vitro to 
enhance the lysis of fibrin in human whole blood, and 
recent experiments suggest that this effect is mediated 
through the interaction with a newly discovered inhibi- 
tor of tissue plasminogen activator. Therefore, acti- 
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vated protein C may represent an important adjunct in 
in vivo fibrinolysis in man. 

. The activation of protein G involves thrombin, the 
final serine protease in the coagulation cascade, and an 
endothelial cell membrane-associated glycoprotein 
called thrombomodulin. Thrombomodulin forms a 
tight, stoichiometric complex with thrombin. Throm- 
bomodulin; when complexed with thrombin, totally 
changes the functional properties of thrombin. Throm- 
bin normally clots fibrinogen, activates platelets, and 
converts clotting cofactors V and Vm to their acti- 
vated forms, Va and Villa. Finally, thrombin acts on 
protein C to activate it but only very slowly, and very .. 
inefficiently. In contrast, thrombin complexed with 
thrombomodulin does not clot fibrinogen, does not 
activate platelets, and does not convert clotting factors 
V and Vin to their activated counterparts. Thrombin in 
complex with thrombomodulin activates protein C, and 
the rate constant of protein C activation by throm- 
bomodulin-thrombin is some 20,000 fold higher than the - 
rate constant for thrombin alone. 

An important cofactor for activated protein C is pro- 
tein S, another .vitamin K-dependent plasma protein, 
and . protein S substantially increases activated protein 
C-mediated hydrolysis of factors Va and Villa. 

Activated protein C is a novel antithrombotic agent 
with a wider therapeutic index than available anticoag- 
ulants, such as heparin and the oral hydroxycoumarin 
type anticoagulants. Neither, protein C nor activated 
protein C is effective until thrombin is generated* at 
some local site. Activated protein C is -virtually ineffec- 
tive without thrombin, because thrombin is needed to 
convert clotting factors V to Va and VHI to VTHa; the 
activated forms of these two cofactors are the preferred 
substrate for activated protein C The protein C zymo- 
gen, when infused into patients, will remain inactive 
until thrombin is generated and complexed with throm- 
bomodulin; for without thrombomodulin-thrombin, the 
protein C zymogen is not converted into its active coun- 
terpart Thus, protein C or activated protein C is an 
on-demand anticoagulant of wide clinical utility for use 
as an alternative to heparin and the hydroxycoumarins.: : 
These conventional anticoagulants, in contrast to pro- 
tein C, maintain a constant anticoagulant state for as 
long as they are given to the patient, thereby substan- 
tially increasing the risk of bleeding complications over 
that predicted for protein C or activated protein C 

The biological and potential therapeutic importance 
of protein C can be deduced from clinical observations. 
In congenital homozygous protein C deficiency, af- 
fected family members die in early childhood from 
purpura fulmbans, an often lethal form of disseminated 
intravascular coagulation. In heterozygous protein C 
deficiency,, affected members suffer .severe, recurrent . 
thromboembolic episodes. It is well established clini- 
cally that plasma protein concentrates designed to treat 
hemophilia B or factor DC deficiency and which contain 
protein C as an impurity are effective in the prevention 
and treatment of intravascular clotting in homozygous 
as well as heterozyous protein C deficiency. Protein C 
levels have also been noted to be abnormally low in 
thrombotic states and in disease states predisposing to 
thrombosis, such as disseminated intravascular coagula- 
tion, major trauma, major surgery, and cancer. 

Human protein C is a serine protease zymogen pres- 
ent in blood plasma and synthesized in the liver. For 
expression of complete biological activity, protein C 
requires a post-translational modification for which 
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vitamin K is needed. The mature, two-chain, disulfide- 
linked, protein C zymogen arises from a single-chain 
precursor by limited proteolysis. This limited proteoly- 
sis is believed to include cleavage of a' signal peptide of 
—33 amino add residues (residues 1-33, below) during 
secretion of the nascent polypeptide from the liver, 
removal of a pro peptide of ~9 amino acid residues 
(residues 34-42), and removal of amino acid resdues 198 
and 199 to form the two chains observed in the zymo- 
gen. The activation of the zymogen into the active 
serine protease involves the proteolytic cleavage of an 
ARG-LEU peptide bond (residues 211 and 212). This 
latter cleavage releases a dodecapeptide (residues 
200-211) constituting the amino-terminus of the larger 
chain of the two-chain molecule. Protein C is signifi- 
cantly glycosylated; the mature enzyme contains 
~23% carbohydrate. Protein C also contains a number 
of unusual amino adds, including y-carboxyglutamic 
acid and /Nhydroxyaspartfc acid, y-cubq^dutamic 
arid (gla) is produced f^-a*^****^- <3±&&»*» 



aid of a hepatic microsomal iarboxylase which requires 
vitamin K as a cofactor. Since prokaryotes usually nei- 
ther glycosylate* y-carboxylate, nor 0-hydroxylate pro- 
teins expressed from recombinant genes, the present 
invention is significant in that it allows for the first time 
the synthesis of protein C derivatives which have not 
undergone many of the post-translational modifications 
of normal human protein C These unique derivatives 
have enormous research and clinical value, as discussed 
more fully bdow. 

For purposes of the present invention, as disdosed 
and claimed herein, the following terms are as defined 
below. 

ApR— the .ampicOlin-resistant phenotype or gene 
conferring same;. 

ep— a DNA segment comprising the SV40 early pro- 
moter of the t-antigen (F) gene, the t-antigen binding 
sites, and the SV40 origin of replication. 

Functional Polypeptide— a recoverable bioactive 
heterologous or homologous polypeptide or precursor, 
a recoverable bioactive polypeptide comprising a heter- 
ologous polypeptide and a portion or whole of a homol- 
ogous polypeptide, or a recoverable bioinactive fusion 
polypeptide comprising a heterologous polypeptide and 
a bio-inactivating polypeptide which can be specifically 
deavecL 

G418R-^the 0418-resistant phenotype or gene con- 
ferring same. May also be identified as KmR. 
. TVS — DNA encoding an intron, also called an inter* 
vening sequence. 

MSV LTR — a DNA segment comprising the pro- 
moter activity of the Murine Sarcoma virus long termi- 
nal repeat 




Nascent protein— the polypeptide produced upon 
translation of a mRNA transcript, prior to any post- 
translational modifications. 

pA— a DNA sequence encoding a polyadenylation 
sighaL 

Promoter— a DNA sequence that directs transcrro- 
tion of DNA into RNA. 

Protein C activity— any property of human protein C 
responsible for biological function or antihuman protein 
C antibody-binding activity. 

Recombinant DNA Cloning Vector— any autono- 
mously replicating agent, including, but not limited to, 
plasmids and phages, comprising a DNA molecule to 
which one or more additional DNA segments can be or 
have been added. 

Recombinant DNA Expression Vector— any recom- 
binant DNA cloning vector into which a promoter has 
been incorporated. 

Replicon— A DNA sequence that controls and al- 
lows for autonomous replication of a plasmid or other 
vector. 

Restriction Fragment— any linear DNA sequence 
generated by the action of one or more restriction endo- 
nuclease enzymes. 

RSV LTR— a DNA. segment comprising the pro- 
moter activity of the Rous Sarcoma virus long terminal 

a Sen^tiveHostCeU-^hoste^rowinthepresaice 
^ of a given antibiotic or other toxic compound without a 
DNA segment that confers resistance thereto. 

Structural Gene— any DNA sequence that encodes a 
functional polypeptide, inclusive of translational start 
and stop signals. 

TcR— the tetracycline-resistant phenotype or gene 
conferring same. 

Transformation— the introduction of DNA into a 
recipient host cell that changes the genotype of the 
recipient celL 

Transformant— a recipient host cell that has under- 
gone transformation. 

Translational Activating Sequence— any DNA se- 
quence, inclusive of that encoding a ribosome binding 
site and translational start codon, such as 5VATG-3', 
that provides for the translation of a mRNA transcript 
into a peptide or polypeptide, 
• Zymogen— an enzymatically inactive precursor of a 
proteolytic enzyme. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention comprises novel DNA com- 
pounds encoding human protein C activity. Depicting 
only the coding strand of the molecule for convenience, 
the novel compounds comprise the sequence: 
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-continued 



ACA 


GCO 


GCC 


CAC 


TGC 


ATG 


GAT 


GAG 


TCC 
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CTC 


CTT 


GTC 
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err 


GGA 


GAG 


TAT 


GAC 


CTG 
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wherein 
A is deoxyadenyl, 
G is deoxyguanyl. 



C is deoxycytidyl, 
Ti&thyxnidyl, 

R is 5'-GCC CAC CAG GTG CTG CGG ATC 
CGC, AAA CGT-3' or S'-CAC CAG GTG CTG 



CGG ATC CGC AAA CGT-3' 
R*is 



5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA . GOT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT— 3' 

or 5 -ATG TGG- CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA OCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG COT GCC-3' 



MisOor 1, and . 
N is 0 or 1, 

provided that when M is 0,N must necessarily also be ^ 
and that when 



R is 5 -GCC CAC CAG GTG CTG CGG ATC 

CGC AAA CGT-3', 
R 1 must necessarily be 



S'-ATG TOO CAO CTC ACA. AGC CTC CTG CTG TTC GTG 
GCC ACC TOG GGA ATT. TCC GGC ACA CCA GOT OCT 
CTT GAC TCA GTG TTC TOC AOC AGC GAG CGW- 



and that when 
R is 5'-CAC CAG GTG CTG CGG ATC CGC 

AAA CGT-3', 
R 1 must necessarily be 



5VATGTGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 
OCC ACC TGO GGA ATT TCC GGC ACA CCA GCT CCT 
CTT GAC. TCA GTG TTC TCC AGC AOC GAG COT GCC-3' 



compounds of the present invention encode 
hunum protein Q and the heretofore unknown amino 

l^Ju.' aod^seqnena!, numbered to facili- 
tate ftirtfier discussion, of nascent human protein C is- 



HaN-MET TRP OLN LEU THR SER LEU LEU p\ VAL ALA THR TRP &Y ^ 
SER OLY THR PRO ALA PRO LEU ASP SER Va\phE SER SER SER QLU ARG 
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ASN SER PHB LEU QLU 



35 » 
ALA HIS OLN VAL LEU ARG CLE ARG LYS ARG 

OLU LEU ARG HIS SER SER LEU GLU ARG GLU CYS^E OLU GLU ILE CYS 

PHE OLU OLU ALA 2* OLU ILE PHb' OLN £n VAlW ASP THR LEU 

ALA PHB TRP SER LYS HIS VAL ASP OLY ASP OLN CYS LEU>AL LEU - PRO 

tEU OLU. HIS PRO CYS ALA SER LEU CYS CYsfoLY HIS OLY * 



vCVS ILE 



-continued 

115 120 123 

GLY ILE OLY SER PHB SER CYS ASP CYS ARG SER GLY TRP GLU GLY 

130 135 140 

PHE CYS GLN ARG GLU VAL SER PHB LEU ASN CYS SER LEU ASP ASN 

145 \ 150 135 160 

GLY QLY CYS THR HIS TYR CYS LEU GLU GLU VAL GLY TRP ARG ARG CYS 

165 185 190 

ALA PRO GLY TYR LYS LEU GLY ASP ASP . LEU LEU GLN CYS HIS 

180 185 190 

PRO ALAYVAL LYS PHB PRO CYS GLY ARG PRO TRP LYS ARG MET GLU LYS 



LYS ARG 
210 

ASP PRO ARC 



200 205 
LEU LYS ARG ASP THR GLU ASP GLN GLU ASP GLN VAL 

215 220 
LEU ILE ASP GLY LYS MET THR ARG ARG GLY ASP SER PRO 



225 \ 230 235 240 

TRP GLN VAL \VAL LEU LEU ASP SER LYS LYS LYS LEU ALA CYS GLY ALA 

245 250 255 

VAL LEU ILE rfpS PRO SER TRP VAL LEU THR ALA ALA HIS CYS MET ASP 

260 \ 265 ' 270 

GLU SER LYS LYS\ LEU LEU VAL SRG LEU GLY GLU TYR ASP LEU ARG. ARG 



275 

TRP GLU LYS TRP 1 



GLU 



280 • 285 
LEU ASP LEU ASP ILE LYS GLU VAL PHE VAL HIS 



290 \ 295 300 

PRO ASN TYR SER LYS SER THR THR ASP ASN ASP ILE ALA LEU LEU HIS 



305 

LEU ALA GLN PRO 

325 

PRO ASP SER GLY LEU 



310 315 320 

THR LEU SER GLN THR ILE VAL PRO ILE CYS LEU 

330 335 
GLU ARG GLU LEU ASN GLN ALA GLY GLN GLU 



340 \ 345 . 350 

THR LEU VAL THR GLY \ TRP GLY TYR HIS SER SER ARG GLU LYS GLU ALA 



355 

LYS ARG ASN ARG. THR 



360 365 
VAL LEU ASN PHE ILE LYS ILE PRO VAL VAL 



370 

PRO HIS ASN GLU CYS 



375 380 

GLU VAL MET SER ASN MET VAL SER GLU ASN 



385 390\ 395 400 

MET LEU CYS ALA GLY ILE^ LEU GLY ASP ARG GLN ASP ALA CYS GLU GLY 

405 \ 410 415 

ASP SER GLY GLY PRO MET \ VAL ALA SER PHE HIS GLY THR TRP PHB LEU 

420 A 425 430 

VAL GLY LEU VAL SER TRP GLY GLU GLY CYS GLY LEU LEU HIS ASN TYR 



435 

OLY VAL TYR THR LYS VAL 



440 445 

ARG TYR LEU ASP TRP ILE HIS GLY HIS 



450 

ILE ARG ASP LYS 



455 460 
ALA PRO GLN LYS SER TRP ALA PRO-COOH 



wherein 

H2N- is the ftmifirv to rpMiitift, ■ 

— COOH is die caiboxy-terminus, 
ALA is Alanine, 
ARG is Arginine, 
ASN is Asparagine, . 
ASP is Aspartic acid, 
CYS is Cysteine, 
GLN is Glutamine, 
GLU is Glutamic Acid, 
. GLY is Glycine, 
HIS is Histidine, 
ILE is Isoleucine, 
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LEU is Leucine, 
LYS is Lysine, 
MET is Methionine, 
PHE is Phenylalanine, 
PRO is Proline, 
SER is Serine, 
THR is Threonine, 
TRP is Tryptophan, 
TYR is Tyrosine, and 
VAL is Valine. 

The DNA compounds of the present invention are 
derived from cDNA clones prepared from human liver 
mRNA that encodes human protein C activity. In con- 



9 

structtng the cDNA clones, a 5' poly G sequence, a 3' 
poly C sequence, and both 5' and 3' PstI restriction 
enzyme recognition sequences were constructed at the 
ends of the protein C-encoding cDNAi Two of these 
cDNA clones were manipulated to construct a DNA 
molecule comprising both the coding sequence of na- 
scent human protein C and also portions of the DNA 
&. encoding the untranslated mRNA at the 5' and 3^ ends 
of the coding region. This DNA molecule was inserted 
into the PstI she of plasmid pBR322 to construct plas- 
mid pHC7. Plasmid pHC7 thus comprises both the 
coding sequence above, wherein M and N both equal 1, 
and, again depicting only one strand of the molecule, 
also contains these additional sequences: 

v _ 

S'-C TOC AGO GGG GOO GGO GGG GGG OGO CTG TCA TOG GGG CAG GAC 
GGC GAA CTT OCA OTA TCT CCA CGA CCC GCC CCT ACA GGT GCC 
AGT GCC TCC AGA— 3' 

5'-CGA CCC TOC CTG CAG GGC TOG OCT TTT OCA TOO CAA TOO ATG GGA 
CAT TAA AGO GAC ATG TAA CAA GCA CAC CCC CCC CCC CCC CCC CCC 
CCC CCC CCT GCA G— 3* 



wherein 

A is deoxyadenyl, 

O is deoxygnanyl, 

C is deoxycytidyl, and . 

Tisthymidyl, 
at the 5' and 3' ends, respectively, of the coding strand 
of the nascent human protein C coding sequence. Due 
to the complementary nature of DNA base-pairing, the 
sequence of one strand of a double-stranded DNA mol- 
ecule is sufficient to determine the sequence of the op- 
posing strand. Plasmid pHC7 can be conventionally 
isolated from R, coli K12 RRl/pHC7, a strain deposited 
with and made part of the permanent stock culture 
collection of the Northern Regional Research Labora- 
tory (NRRL), Peoria, I1L A culture of R coli K12 
RRl/pHC7 can be obtained from the NRRL under the 
accession number NRRL B-15926. A restriction site 
and function map of plasmid pHC7 is presented in FIG. 
1 of the accompanying drawings. 

As stated above, a variety of recombinant DNA ex- 
pression vectors comprising die protein C activity- 
encoding DNA have been constructed. The present 
vectors are of two types: those! designed to transform 
eukaryotic, especially mammalian, host cells; and those 
designed to transform R coli The eukaryotic or mam- 
malian vectors exemplified herein can also transform R 
coli but the eukaryotic promoter present on these plas* 
mids for transcription of the protein C activity-encod- 
ing DNA functions inefficiently in R coli 

The present DNA compounds which encode nascent 
human protein C are especially pref erred for the con- 
struction of vectors for transformation of, and expres- 
sion of protein C activity in, tnammfllSflft and other eu- 
karyotic host- cells. Many m*mmn]\tm host cells possess 
the necessary cellular machinery for the recognition 
and proper processing of the signal peptide present on 
the amino-tenninus of nascent human protein C Some 
mammalian host cells also provide the pbst-translational 
modifications, such as glycosylation, y-carboxylation, 
and £-hydroxylation, as are observed in human protein 
C present in blood plasma. A wide variety, of vectors 
exist for the transformation of eukaryotic host cells, and 
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the specific vectors exemplified below are in no way 
mtended to limit the scope of the present invention. 

The pSV2-type vectors comprise segments of the 
SVO genome that constitute a defined eukaryotic tran- 
scnption umt-^romoter (ep), intervening sequence 
(T^X and polyadenylation (pA) site. In the absence of 
SV40 t-antigen, the plasmid pSV2-type vectors trans- 
form mammalia n and other eukaryotic host cells by 
integrating into the host cell chromosomal DNA. A 
variety of plasnid pSV2-type vectors have been con- 
structed (see Eukaryotic Viral Vectors, edited by Gluz- 
man, published by Cold Spring Harbor Laboratories, 
^or f N.Y., 1982), such as plasmS 
pSV2-gpt, pSV2-neo, pSV2«Ihfr, and pSV^obin* 
in which the SV40 promoter drives transcription of an 
inserted gene. These vectors are available either from 
the American Type .Culture Collection (ATCQ in 
RockviUe, Md. or from the Northern Regional Re- 
search Laboratory (NRRL) in Peoria, El. 
. Plasmid pSV2-HPC8 is a vector of the present inven- 
tion derived from plasmid pSV2-gpt (ATCC 37145) 
plasmid pHC7, and two synthetic linkers. The designa- 
tion gpf refers to tteR w//xanthine-guan6sine phos- 
phoribosyl transferase gene present on plasmid pSV2- 
gpt Plasmid pSV2-HPC8 was constructed by first pre- 
paring a HmdlE-Apal restriction fragment, derived 
from plasmid pHC7 and comprising the ainmc-terminal 
naif of the nascent protein C coding sequence and a 
synthetic linker; then preparing an Apal-BglH restric- 
tion fragment, derived from plasmid pHC7 and com- 
prising the carboxy-terminal half of the nascent protein 
C coding sequence and a synthetic linker; and then 
inserting the two restriction fragments into Hindlll- 
Bgin-cleaved plasmid pSV2-gpt A more detailed de- 
scription of the construction of plasmid pSV2-HPC8 is 
provided in Example 2; a restriction site and function 
map of the plasmid is presented in FIG. 2 of the accom- 
panying drawings. 

\ Plasmid pSV2-HPC8 was used as a starting material 
m the construction of plasmid pL133, along with plas- 
mid pSV2-0-globin (NRRL B- 15928). Two restriction 
togments of plasmid pSV2-HPC8, an -0.29 kb Hin- 
dm-Sall fragment and an -1.15 kb Sall-Bgin frag- 
ment, comprising the entire nascent protein C coding 
regton were ligated into Hindm-Bgin^eaved plasmid 
P r^; 8l0bin - ^ ™**ns plasmid, designated 
pL133, has entirely replaced the)3-globin coding region 
with the nascent protein C coding region. A more de- 
tailed description of the construction t>f plasmid pL133 
is presented in Example 3; a restriction site and function 
map of the plasmid is presented in FIG. 3 of the accom- 
panying drawings. 

Plasmid pL132 was constructed in a manner analo- 
gous to the ctmstruction of plasmid pL133, except that 
the plasmid pSV2-HPC8 Hindm-Sall and SaU-BglH 
restriction fragments were introduced into plasmid 
pSV2-neo (ATCC 37149). "Neo" signifies the presence 
on the plasmid of a neomycin resistance-conferring 
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gene, which also confers G41 8 resistance. This con- 
struction, described to Example 4, creates apolytistron, 
with both the nascent protein C and the G418 resist- 
ance-conferring coding sequences being transcribed as a 
polycistronic mRNA initiated by the same SV40 early 
. promoter. Because G418 is toxic to most eukaryotic and 
other host cells, plasmid pL132 transfonnants can be 
selected by screening for G418 resistance. A restriction 
site and function map of plasmid pL132 is presented in 
FIG. 4 of the accompanying drawings. 

Plasmid pSV2-dh£r (ATCC 37146) comprises a mu- 
rine dihydrofolate reductase (dhfir) gene under the con- 
trol of the SV40 early promoter. Under the appropriate 
conditions, the dhfr gene is known to be amplified, or 
copied, in the host chromosome. This amplification, 
described in a review article by Schimke, 1984, Cell 
37:705-713, can involve DNA sequences closely contig- 
uous with the, dhfir gene. Plasmid pL141 is a vector of 
the present invention comprising both the dhfr gene and 
also the nascent protein C structural gene under the 
control of the S V40 early promoter. 

To construct plasmid pL141, a single BamHI site on 
plasmid pSV2-dhfr was converted to an Xhol site, 
yielding plasmid pSV2-dhfr-X- Two restriction frag- 
ments of plasmid pL133, an -0.64 kb PvuH-BstEH 
fragment and an -2.7 kb BstEH-EcoRI fragment, com- 
prising the nascent protein C structural gene, were 
isolated and, after first converting the-PvulI-BstEH 
fragment into an XhoI-BstEH fragment, Hgated into 
EcoRI-XhoI-cleaved plasmid pSV2-dhfr-X. The resul- 
tant plasmid, designated pL141, is illustrated in FIG. 5 
of the .accompanying drawings; the construction is also 
described in Example 5. 

Illustrative plasndds of the present invention which 
were constructed for expression of protein C activity in 
mfttntnfliifln and other eukaryotic host cells also utilize 
promoters other than the SV40 early promoter. The 
present invention is in no way limited to the use of the 
particular eukaryotic promoters exemplified herein. 
Other promoters, such as the.SV40 late promoter or 
promoters from eukaryotic genes, such as, for example, 
the estrogen-inducible chicken ovalbumin gene, the 
interferon genes, the glucocorticoid-inducible tyrosine 
aminotransferase gene, the thymidine kinase gene, and 
the major early and late adenovirus genes, can be 
readily isolated and modified for use on recombinant 
DNA expression vectors designed to produce protein C 
in eukaryotic host cells. Eukaryotic promoters can also 
be used in tandem to drive expression of protein C 
Furthermore, a large number of retroviruses are known 
that infect a wide range of eukaryotic host cells. Long 
terminal repeats in the retrovirus DNA often encode 
promoter activity and can be used, in place of the SV40 
early promoter described above, to drive expression of 
human proton C 

Plasmid pRSVcat (ATCC 37152) comprises portions 
of the long terminal repeat of the Rous Sarcoma virus 
(RSV), a virus known to infect chicken and other host 
cells. The RSV long terminal repeat sequences can be 
isolated on an —0.76 kb Ndel-Hindm restriction frag- 
ment of plasmid pRSVcat When cloned into the —5.1 
kb Ndel-Hmdm fragment of plasmid pL133, the pro* 
moter in the RSV long terminal repeat (Gorman et aL, 
1982, P.NA.S. 79:6777) replaces the SV40 early pro- 
moter and is positioned correctly to drive transcription 
and expression of the nascent human proton C struc- 
tural gene. The resultant plasmid, designated pL142, is 
illustrated in FIG. 6 of the . accompanying drawings. 
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The construction of plasmid pL142 is also described in 

Example 6. , 
Another plasmid of-the present invention utilizes the 

Rous Sarcoma virus long terminal repeat promoter to 
drive expression of protein C and contains the dhfr gene 
for purposes of selection and gene amplification* The 
plasmid, designated pL151, was constructed by ligating 
the ~4.2 kb EcoRI-XhoI restriction fragment of plas- 
mid pSV2-dhfr-X to the. ~ 1.06 kb BstEH-Ndel restric- 
tion fragment of plasmid pL142 and to the -2.74 kb 
BstEII-EcoRI restriction fragment of plasmid pL133. 
In order to accomplish the ligation and construction of 
plasmid pL151, the Ndel site of the pL142 restriction 
fragment used in the ligation was converted to an Xhol 
site by the addition of DNA linkers. The construction 
of plasmid pL151 is described in Example 9, below, and 
a restriction site and function map of the plasmid is 
presented in FIG, 9 of the accompanying drawings. 

Plasmid pMSVi (NRRL B-15929) comprises the long 
terminal repeats of the Murine Sarcoma virus (MSV), a 
virus known to infect mouse and other host cells. Clon- 
ing the —1.4 kb Bell restriction fragment of plasmid 
pSV2-HPC8 into the single Bgin restriction enzyme 
recognition sequence of plasmid pMSVi places the na- 
scent protein C structural gene under the control of the 
MSV long terminal repeat promoter. The resulting 
plasmid, dHgr n *^ pMS V-HPC, is illustrated in FIG. 7 
of the accompanying drawings. The construction of 
plasmid pMSV-HPC is also described in Example 7. 

The mouse metallothionem (MMT) promoter has 
also been well characterized for use in eukaryotic host 
cells. The MMT promoter is present in the 15 kb plas- 
mid pdBPV-MMTneo (ATCC 37224), which is the 
starting material for the construction of another plasmid 
of the present invention, designated pMMTABPV- 
HPC To construct plasmid pMMTABPV-HPC, plas- 
mid pdBFV-MMTneo was first digested with Barnffl 
and then religated to form plasmid pMMTABPV. This 
BamHI deletion removes -8 kb of bovine papil- 
lomavirus (BPV) DNA. Plasmid pMMTABPV was 
then digested with Bgin, and the -1.4 kb Bell restric- 
tion fragment of plasmid pSV2-HPC8 was ligated into 
the Bglll-digested plasmid. The resulting plasmid, des- 
ignated pMMTABPV-HPC, comprises the nascent pro- 
tein C structural gene positioned for transcription and 
expression from the MMT promoter. Immediately adj a- 
cent to and downstream of the nascent protein C struc- 
tural gene in plasmid pMMTABPV-HPC is the G418 
resistance-coiiferring gene, which is controlled \>y the 
metallothionein promoter and allows for selection of 
hosts transformed with plasmid pMMTABPV-HPC 
The construction of plasmid pMMTABPV-HPC is de- 
scribed in Example 8; a restriction site and function map 
of the plasmid is presented in FIG. 8 of the accompany- 
ing drawings.* 

The vectors described above, excluding plasmid 
pHC7, can be transformed into and expressed in a vari- 
ety of eukaryotic, especially mammali a n , host cells. 
Because plasmids pSV2-HPC8, pL142, and pL133 pos- 
sess no selectable marker with which to isolate and 
identify stable transformants, these vectors are most 
useful for purposes of transient assay, as described in 
Example 14 below, or for purposes of ^transformation, 
a procedure disclosedin U.S. Pat.No. 4,399,216, issued 
Aug. 26, 1983 and incorporated herein by reference. All 
of the vectors, including plasmid pHC7, comprise se- 
quences that allow for replication in E. colL as it is 
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usually more efficient to prepare plasmid DNA in R 
coli than in other host organisms. 

Expression of the nascent human protein C structural 
gene contained on the above-described vectors occurs 
in those host cells in which the particular promoter 
associated with the nny*"* human protein C structural 
gene functions. The SV40 early promoter, the Rous 
Sarcoma virus long, terminal repeat promoter, the Mu- 
rine Sarcoma virus long terminal repeat promoter, and 
the mouse metallothionein promoter function in a wide 
variety of host cells. Preferred host cells for plasmids . 
pSV2-HPC8, P L133, pL132, pL151, pL14L»M8V-PG, tV$V - HfO 
pMMTABPV-HPC and pL142 are listecTin Table I, 
along with appropriate comments. • 

TABLE I 

Preferred Host Cells for Plasmids pSY2-HPC8, pL133» pL132, 
nLlSl. DL141. pMSV-HPC pMMTABFV-HPC and P L142. 
Origin Soorce Conunents 



Host Cell 
HepG-2 

Aedaae&pti 
CV-1 

LLC-MKi original 
IXCMK2 derivative 

3T3 

CHO-K1 



Anthtmeo eucalypti 

HeU 
RPMI8226 

H4HEC3 



Human Liver Hepatoblastoma * ATOC # HB 8065 

Mosquito Larvae . ATOC § CCL 125 

African Green Monkey Kidney ATOC # CCL 70 

Rhesus Monkey Kidney " ATOC § CCL 7 . 

Rhesus Monkey Kidney ATCC # CCL 7.1 



C127I 
HS-Sultan 



Moose Embryo Fibroblasts 
Chinese Hamster Ovary 



Moth ovarian tissue 
Human Cervix Epfthdorri 
Human Myeloma 

Rat H ep a t o m a 

Mouse Firoblast- 
Human Plasma Cell 
'Plsamocytomsr ■ 



ATCC # CCL 92 
ATCC#CCL61 



ATCC # CCL 80 
ATCC # CCL 2 
ATCC#CCL155 

ATCC # CRL 1600 



ATCC* CRL 1616 
ATCC # CRL 1484 



US. Fat Na 4*393,133 describes 
the use of this cell tine. - 



Grows faster than ATCC 
#CCL7 

Proline-requiring. Derivatives of 
CHO-K1, such as the dhfr - deriv- 
ative DXB11, can be generated from 
this host. 



IgO lambda-type light 
chain secreting 

Derivatives, such as 8-araguanine- 
resistant FAZA host cells, can be 
generated from this host. 



•American Type Culture Collection, 12301 Ndro Drive, Rockvffie, Maryland 2D83H776 



Preferred transformants of the present invention are: 
HepG-2/pL132, HepG-2/pMSV-HPC, HepG-2/pL!41 
, HepG-2/pL151, HepG-2/pMMTABPV-HPC, 
H4IIEC3/pL141, H4HEC3/pL132, 
H4IffiC3/pMMTABPV-HPC, H4IIEC3/pMSV-HPC» 
H4IIEC3/pL151, LLC-MKo/pL132, LLC- 
MKa/pMMTABFV-HPC, LLG-MKa/pL141, LLC- 
MKi/pLlSl, C127I/pMMTABPV-HPC, 
C127/pMSV-HPC, C127I/pL151, 3T3T3/pL132, 
3T3/pL141 t 3T3/pL151, RPMX8226y p MSV-HPC, 
RPMI8226/pMMTABPV-HPC RPMI8226/pL132, 
RFMI8226/pL141, RPMI8226/pLl51, CHO- 
Kl/pMSV-HPC, CHO-Kl/pMMTABPV-HPC, CHO- 
Kl/pL132, CHO-Kl/pL141, CHO-Kl/pLlSl, CHO- 
Kl(dhfr-)/pMSV-HPC, CHO 
Kl(dhfr")/pMMTABPV-HPQ CHO 
Rl(dhfr-)/pL151 

The present DNA compounds can also be expressed 
in prokaryotic host cells such as, for example, R coli. 
Bacillus, and Streptomyces. Since prokaryotic host cells 
usually do not glycosylate, y-carboxylate, or J8- 
hydroxylate mamrnalian proteins made from recombi- 
nant genes, a variety of novel human protein C deriva- 
tives can be produced by expressing the present protein 
C activity-encoding DNA in prokaryotic host cells. 
The novel protein C derivatives expressed in prokary- 
otic host cells show varying degrees of protein C activ- 
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Su^ 0811 136 USedt ° study Post-trandational modifica- 

These novel derivatives can also be used as antigen to 
stimulate protein C-specific antibody production or can 
5 be used in protein C assays. Atony assays use compete 
live antibody-binding to measure levels of a protein in a 
sample. Thus, radioactively (or other) labelled, prokar- 
youo-produced, human protein C can be used as the 

in tSSFP* ^ " ""^ for Protein C in 

.10 blood plasma. Skilled artisans wffl readily understand 
that the ability to conduct such assays is essential during 
any in- or out-patient therapeutic course of treatment 
mvolvingj>rotein C and for diagnostic purposes in pa- 
rents with coagulation problems. 
Fu^ermore, tte anticoagulant activity of human 

£S 5^° * SCparHtcd the profibrinolytic 
activity j>f human protein C by removing Tthe y-carbox- 
ylatei glutamic acid residues from ttepro^HS 
vated human protein C contains several y^arboxykted 

Efff dustered a& * ^ amkoS 

nunusof the light chain, and removal of these residua 
destroys the anticoagulant activity but not the profi- 
bnnolytic activity of the resulting «gla-less" protekC. 

^SSiTt^HT^ for "» I^L. of 
rt« n£f^,? m chstmct <0 *y deleting 

n^Z? n !if n , Pr ° tdn ^ <>f the nascent human 
protein C sectoral gene and expressing the deleted 
™^^ 0t,C < or J^^tic) host cdls; or (2) by 
£^3. DaSCent l 1 ™ Protein C structural gene, 
or a subftagment or derivative thereof, in £ «// or 
other suitable prokaryotic host cells which do not v- 
carboxylate recombinant-produced human protein C 

^orej exi>ressing the protein C activity-encoding 
DNA compounds of the present invention hx pS 
otic host cells, the eukaryotic signal peptide^ccS 
22 A J2 ^^y. the first 333 

^JiTr " ^ the . a T°- terminU8 of nascent human 

protem C from the liver into the bloodstream. The 
present invention is not limited to the use of a particular 
enkaryotic signal peptide for expression of JSc 
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activity in eukaryotic host cells. As a general role, 
prokaryotes do not efficiently process eukaryotic signal 
peptides; , therefore, it would probably be somewhat 
inefficient to express the. signal peptide-encoding por- 
tion of the nascent human protein C structural gene in 
prokaryotes. Although not specificallly exemplified 
herein, the present invention also comprises the fusion 
of a prokaryotic signal peptide-encodjra DNA to the 
£/ protein C activity-encoding DNA o^tSCpresent inven- 
tion for expression and secretion of protein C activity in 
porkaryotes. 

As stated above, amino acid residues 1*33 of nascent 
human protein C may encode a "signal" for extracellu- 
lar secretion and are not present in active protein C 
Residues 34*42 of nascent human protein C, which 
comprises the pro peptide of human protein C, are also 
removed ^during the processing and activation of the 
protein and are believed to be responsible for the cor- 
rect folding and modification of the molecule. Residues 
33-42 of nascent human protein C are encoded in the 
prokaryotic expression vector exemplified below* but 
die present invention also comprises the prokaryotic 
expression vector encoding residues 34-42, and not 
residue 33, of nascent human protein C 
. However, the present invention is not limited to the 
expression of a particular protein C derivative. The 
present DNA compounds are readily modified to delete 
that portion encoding amino acid residues 1-42 or 1-83 
of nascent human protein C for expression of the result- 
ing derivative.. Furthermore, the p res ent compounds 
a re easily manipulated to separate jfiTD NA encodin g 
the active human proteinic li g ht chain ( a mino^acid 
i^^^^^9ff^Km the DNA encochng the active 
human. protemJC!^ residues 
212461), forthe construction of vectors that drive 
expression of either the light or heavy chain of active 
human protein C In this manner, the two chains can be 
independently produced in suitable, whether eukaryotic 
or prokaryotic, host cells and then chemically recom- 
bined to synthesize active human protein C 
In addition to the proteolytic processing described 
. above mvolving amino acid residues 1-42, 198, and 199 
of nascent human protein C, the activation of the pro- 
tein C zymogen also involves the removal of amino acid 
residues 200-211. This processing occurs naturally in 
vivo and, more specifically, is believed to occur in the- 
bloodstream* A variety of useful protein C derivatives 
exist during activation, any of which could be encoded 
On a recombinant DNA ex pr e s sion vector. Such a vec- 
tor would allow the recombinant production of an inac- 
tive form of human protein C that could be activated in 
the human circulatory system or in accordance with the 
procedure of Example IS. 

Separate production and subsequent chemical recom- 
bination of the light and heavy chains of human protein 
C can also be used to create a variety of other useful 
protein C derivatives. For instance, producing a light 
chain molecule comprising either amino add residues 
33-197, 34-197, or 43-197 of nascent human protein C 
and chemically recombihing that light chain with a 
heavy chain molecule comprising either amino acid 
residues 200-461 or 212-461 of nascent human protein 
C produces a protein C derivative that would either be 
active or active upon cleavage of the peptides compris- 
ing residues 33-42 or 34-42 and 200-211, and such 
cleavage naturally occurs in the human circulatory 
system*' 
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Plasmid pCZ460 is a plasmid of the present invention 
designed to express protein C activity in R coli Plasmid 
pCZ460 was constructed from plasmid pCZlOl, plas- 
mid pHC7, and a variety of DNA linkers. Plasmid 
pCZlOl was described Mid disclosed in U.S. patent 
application Sen No. 634,920, filed July 26, 1984. A brief 
description of the construction of .plasmid pCZlOl is 
provided below and a detailed description is provided 
in Examples 10 and 11 and FIGS. 10-17. A restriction 
site and function map of pCZlOl is presented in FIG. 18 
of the accompanying drawings. 

The plasmid pCZlOl starting material is ~10.8 kb 
and is constructed by ligating the -0.6 kb Xbal-BamHI 
fragment of plasmid pNM789B into sirnilarly digested 
plasmid pIM-I%A3. The latter plasmid, which contains 
the transcriptional and translational activating sequence 
of the £ coli lipoprotein gene as well as a runaway 
r^plicon, can be obtained from R coli K12 RV308/pIM- 
I'-A3, a strain deposited and made part of the permanent 
stock culture collection of the Northern Regional Re- 
search Laboratory under the accession number NRRL 
B-15733. 

The plasmid pNM789B -starting material is derived 
from plasmid pKENl 11 m»accordance with the steps 
illustrated and described in FIGS. 1M7 and Example 
10 below. Plasmid pKENlll can be obtained from R 
C «tf X12 CC620/pKENlll, a sti^^^m^aShl^^ 
nent stock culture collection of the Northern Regional 
Research Laboratory under the accession number 
NRRL B-15011. Plasmid pNM789B also contains the 
promoter and translational activating sequence of the R 
coli lipoprotein gene and, in addition, the coding se- 
quence, including an appropriately positioned transla- 
tional stop signal, for a fusion protein comprising bo- 
vine growth hormone (bGH) and a nine amino acid 
residue polypeptide at the bGH ammo-terminus. Liga- 
tion of the fusion protein-coding sequence, contained in 
the Xbal-BamHI fragment, to appropriately cleaved 
plasmid pIM-I'-A3 results in the aforementioned plas- 
mid pCZlOl starting matfrfa j, 

Through a variety of manipulations, described in 
Example 12, a synthetic Xbal-NdeJ linker was intro- 
duced downstream from the lpp promoter in plasmid 
pCZlOl. The resulting plasmid, designated pCZl 1, was 
further modified by the addition of another DNA linker 
encoding a mcthioninyl residue and amino acid residues 
33-39 of nascent human protein C (as numbered above). 
This plasmid, designated pCZ451, was then cut with 
BamHI, and then'the ~rL2kb BamHI fragment of plas- 
mid pHC7, encoding amino acid residues 39-445, was 
inserted to yield plasmid pCZ455. Plasmid pCZ455 was 
farther modified to remove an extra Ndel linker inad- 
vertently attached during an earlier construction step, 
yielding plasmid pCZ459. 

Plasmid pCZ459 comprises the lpp promoter posi- 
tioned for expression of DNA encoding a methionyi 
residue and amino add residues 33-445 of nascent 
human protein C In£ coli K12 RV308, at temperatures 
where copy number control is lost (> -25* C), plasmid 
pCZ459 expresses a functional polypeptide of molecu-. 
lar weight of about 50 kflodaltons which comprises a 
methionyi residue, amino acid residues 33-445 of na- 
scent human protein C, and about 36 amino acid resi- 
dues encoded by plasmid DNA initially isolated from 
the R coli lpp gene. A restriction site and function map 
of plasmid pCZ459 is presented in FIG. 20 of the ac- 
companying drawings. 
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DNA encoding amino acid residues 446-461 of the 
carboxy-terminus of human protein C was introduced 
into plasmid pCZ459 to give plasmid pCZ460. The 
construction of plasmid pCZ460 was accomplished by 
first inserting the ~ 0.88 kb PstI restriction fragment of 
plasmid pHC7, comprising the carboxy-tenninus- 
encoding DNA, into plasmid pUC19 (commercially 
available from Pharmacia, Ina, 800 Centennial Df „ 
Piscataway, NJ 08854) to yield plasmid pUC19HG 
Plasmid pUC19HC comprises an ~80 bp BamHI re- 
striction fragment from which the carboxy-terminus- 
encoding DNA of the protein C structural gene can be 
isolated. Plasmid pUC19HC was cleaved with BamHI, 
and the ~80 bp BamHI fragment was isolated and in- 
serted: into plasmid pCZ459 to yield plasmid pCZ460. 
Plasmid pCZ460 encodes and drives expression of a 
polypeptide identical to nascent protein C, except for 
the absence of amino acid residues 2-32. The construe-: 
tion of plasmids pUC19HC and pCZ460 is described in 
more detail in Example 13. 

Expression of human protein C activity inR coliisin 
no way limited to the use of a particular promoter, since 
the choice of a specific prpmoter is not critical to the. 
operability of the present invention. Promoters which 
can be substituted , for the previously exemplified lipo- 
protein promoter include, but are not limited to, the £ 
coli lactose (lac), the R colitrp, bacteriophage AP/,0^, 
mid bacteriophage XPrQr promoters. In addition, one 
or more promoters can be used in tanH^ such as, for 
e x am ple , the trp and lac promoters, or hybrid promot- 
ers, such as the tac promoter, can be used to drive ex- 
pression of the protein C structural gene; All of the 
aforementioned promoters have been previously char- 
acterized, are well known in the art, and can be. con- 
structed either synthetically or from known plasmids. 

Plasmid pCZ460 replication is determined by a ther- 
mcrinducible runaway replicon disclosed in both GB 
Patent Publication No. 1,557,774 and Uhlin ct aL, 1979, 
Gene 6.-91. At temperatures below 30* C, especially 25" 
C, the replicon maintains a relatively low copy number 
of about 10-15 copies per cell. When the temperature is 
raised to 37* C, copy number control is lost and plas- 
mids containing the replicon amplify to 1000-2000 cop- 
ies per celL The particular runaway replicon exempli- 
fied herein is contained in the previously described 
plasmid pIM-F-A3 starting material Skilled artisans. 
wiQ understand that the present invention is not limited 
to the use of any particular runaway replicon or copy 
number mutant Other inducible runaway or high copy 
number replicons can be obtained by appropriate selec- 
tion or can be constructed in accordance with the pro- 
cedure disclosed ., in International Publication No. 
WO82/02901. Such replicons can be used to construct 
expression vectors that are also within the scope of the 
present invention. 

The cloning of foreign genes, such as the human 
protein C derivative gene of the present invention, into 
vectors containing a runaway replicon results, upon 
induction and loss of copy number control, in a greatly 
increased rate of protein synthesis and the concomitant 
formation of intracellular proteinaceous granules. The 
granules are highly homogeneous in their protein com- 
position, with the desired protein product comprising at 
least 50% and often exceeding 80% by dry weight of 
the granule. The present granules can be readily iso- 
lated from cell lysates and are stable to washing in low 
concentrations of urea or detergents. Washing removes 
proteins that bind non-specifically to the granule. 



* 
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However, the present invention is not limited to the 
use of a runaway replicon-containing plasmid for ex- 
pression of protein C activity in R colL Many replicons, 
such as those from plasmids pBR322, pBR328 v pA- 
CYC184, and the like, are known in the art and are 
. suitable for the construction of recombinant DN A clon- 
ing and expression vectors designed to drive expression 
of the protein C-encoding DNA compounds of the. 
present invention. Neither is the present invention lim- 
ited to the actual selectable markers present on the 
plasmids exemplified herein. A wide variety of select- 
able markers exist, both for eukaryotic and prokaryotic 
host cells, that are suitable for use on a recombinant 
DNA cloning or expression vector comprising a DNA 
compound (or sequence) of the present invention. 

Many modifications and variations of the present 
illustrative DNA sequences and plasmids are possible. 
For example, the degeneracy of the genetic code allows 
for the substitution of nucleotides throughout polypep- 
tide coding regions as well as for thetsubstitution of the 



TAA or TGA 

Ml . Ill 

ACT ACT 

translations! stop signals for the 

TAG 
III 

ACT 

translation^ for stop signal specifically exemplified. 
Such sequences can be deduced from the now-known 
amino acid or DNA sequence of human protein C and 
can be constructed by following conventional synthetic 
procedures. Such synthetic methods can be carried out 
in substantial accordance with the procedures of 
Itakura et aL, 1977, Science 198:1056 and Crea et aL, 
1978, Proa Nat Acad. ScL USA 75:5765. Therefore, 
the present invention is in no way limited to the DNA 
sequences and plasmids specifically exemplified. 

The prokaryotic expression vectors and method of 
this invention can be applied to a wide range of host 
organisms, especially Gram-negative prokaryotic or- 
ganisms such bs Escherichia coll, R coliKll, R coli K12 
RV308, R coll K12 HB101, R coll K12 C600, R coll 
K12 RR1, R coli K12 KR1AM15, R coli K12 MM294, 
and the like. Although all of the embodiments of the 
present invention are useful, some of the vectors and 
transformants are. preferred. A preferred transformant is 
R coll K12 RV308/pCZ460; 

Those skilled inthe art will recognize that theexpres- . 
sion vectors of this invention are used to transform, 
either eukaryotic or prokaryotic host cells, such that a 
polypeptide with human protein C activity is expressed 
by the host cell. If the host cell is transformed with a 
vector comprising a promoter that functions in the host 
cell and drives transcription of the nascent human pro- 
tein C structural gene, and if the host cell possesses the 
cellular machinery with which to process the signal 
peptide, protein C activity can "be isolated from the 
media; Under other expression conditions, such as when 
plasmid pCZ460 is in R coli RV308, the protein C activ- 
ity must be isolated from the host celL 

As stated above, protein C produced by recombinant 
methodology will have a profound effect on the treat- . 
ment of thrombotic disease. Persons who are homozy- 
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gous or heterozygous for protein C deficiency-suffer 
from severe thrombosis and are presently treated with 
clotting Factor IX concentrate, which contains protein 
C For treatment of these human protein C-deficient 
homozygotes, assuming ~3000 nil of blood plasma and 
some diffusion into the extravascular space, recombi- 
nant-produced protein C can be administered twice 
daily at levels ranging from 5 xng to 100 mg per dose, 
assuming the zymogen form of the enzyme is adminis- 
tered Heterozygotes for protein C deficiency will need 
lower doses of protein C than homozygotes, ranging 
from US mg to SO mg per dose of the zymogen form of 
the enzyme.. 

Recombinant-produced protein C will also be useful 
in the prevention and treatment of a wide variety of 
acquired disease states involving intravascular coagula- 
tion, including deep vein thrombosis, pulmonary embo-. 
lism, peripheral arterial thrombosis, emboli originating 
from the heart or peripheral arteries, acute myocardial 
• infar ction, thrombotic strokes, and disseminated intra- 
vascular coagulation. Experimental and clinical data 
suggest that conventional anticoagulants, particularly 
warfarin, are useful in the treatment of invasive cancers 
and act to prevent or reduce the distant metastatic, le- 
sions of these malignancies. Recombinant-produced 
protein C represents an attractive alternative to conven- 
tional anticoagulants in these clinical situations for the 
reasons detailed below. 

Deep vein thrombosis and pulmonary embolism can 
be treated with conventional anticoagulants, but a far 
more attractive clinical approach is to prevent the oc- 
currence of thromboembolic complications in identified 
high risk patients, such as, for example, patients under- 
going surgery, patients who are chronically bedridden, 
and patients with congestive heart failure. Over 50% of 
surgical patients age 50 and over 20% of all surgical 
patients in general suffer from deep vein thrombosis 
following surgery, and . about 20% of all post-surgical 
cases of deep vein thrombosis are complicated by one or 
more pulmonary emboli Presently, low doses of hepa- 
rin (eg. 5,000 units every 8 hours) are administered both 
pre- and post-surgery to prevent deep vein thrombosis. 
Low-dose heparin occasionally causes heavy bleeding 
during and after surgery. Since activated protein C is 
more selective than heparin, being active only when 
and where thrombin is generated and fibrin thrombi are 
formed, protein C will be more effective and less likely 
to cause bleeding complications than heparin when used 
pfophylactically for the prevention of deep vein throm- 
bosis. The dose of recombinant-produced protein C for 
prevention of deep vein thrombosis is in the range from 
1-10 mg/day, and administration of protein C should 
begin . 6 hours prior to surgery and continue until the 
patient becomes mobile. In established, objectively- 
documented, deep vein thrombosis and/or pulmonary 
embolism, the dose of activated protein C ranges from 
1-10 mg as a loading dose followed by a continuous 
infusion in ftmn mntft ranging from 3-30 mg/day. Similar 
dosage schedules are applicable for the treatment of 
peripheral arterial thrombi Because of the lower likeli- 
hood of bleeding complications from activated protein 
C infusions, activated protein C pan replace heparin 
intra- and post-surgically in conjunction with throm- 
bectomies or embolectomies, surgical procedures 
which are often necessary to save ischemic limbs from 
amputation in the setting of an acute arterial obstruc- 
tion. 



Arterial emboli originating from the heart are fre- 
quent complications in diseases of the heart involving 
heart valves, in patients with artifical heart valves, in 
acute myocardial infarction, and- in certain types of 
heart arrhythmias. The treatment of these problems 
with conventional oral anticoagulants is not always 
entirely effective, and as- always when oral anticoagu- 
lants are used, the risk of bleeding complications is 
substantial Activated protein C admmistered long- 
term, in doses comparable to those for the treatment of 
established deep vein thrombm-pulmbnary embolism, 
through continuous infusion using portable pump sys- 
tems has substantial utility in the prevention *>f cardio- 
genic emboli 

Similarly, emboli originating from thrombi in periph- 
eral arteries, most notably the carotid arteries, are not 
treated or prevented satisfactorily with currently used 
regimens, which include drugs capable of suppressing 
platelet function, oral anticoagulants, or combinations 
thereof. As in the case of cardiogenic emboli, activated 
protein C administered long term in the same manner as 
outlined for cardiogenic emboli has major potential in 
the prevention of emboli originating from carotid artery 
thrombi and resulting in embolic strokes. 

Recombinant protein C is also useful in the treatment 
of thrombotic strokes; Today, strokes are not usually 
treated with conventional anti co a g u l a n ts. Treatment of 
strokes with either heparin or oral anticoagulants, al- 
though occasionally beneficial, carries a high risk for 
bleeding into the infarcted brain area, thereby aggravat- 
ing the neurological deficit accompanying the stroke. 
Because of its low potential for causing bleeding com- 
plications and its selectivity, protein C can be given to 
stroke victims and is beneficial in preventing the local 
extension of the occluding arterial thrombus, thereby 
reducing the neurological deficit resulting from the 
stroke. The amount of active protein C administered 
will vary with each patient depending on the nature and 
severity of the stroke. , 

Recombinant-produced activated protein C will be a 
useful treatment in acute myocardial infarction because 
of the ability of activated protein C to enhance in vivo 
fibrinolysis. Activated protein C can be given with 
tissue plasminogen activator during the acute phases of 
the myocardial infarction. After the occluding coronary 
thrombus is dissolved, activated protein C can be given 
for additional days or weeks to prevent coronary reoc- 
clusipn. In acute myocardial infarction, the patient is 
given a loading dose of 1-10 mg of activated protein C 
at the Hmft tissue plasminogen activator treatment is 
initiated followed by a continuous infusion of activated 
protein C in amounts ranging from 3-30 mg/day. 

Protein C zymogen or activated protein C is useful in 
the treatment of disseminated intravascular coagulation. 
As mentioned above, the levels of protein C in dissemi- 
nated intravascular coagulation are severely reduced, 
probably through a mechanism which involves the 
widespread activation of the protein by thrombomodu- 
lin-thrombin and the subsequent cataboBsm or inactiva- 
tion of the activated enzyme. Heparin and the oral anti- 
coagulants have been given to patients with dissemi- 
nated intravascular coagulation in extensive clinical 
trials, but the results of these trials have been disap- 
pointing. Characteristically, patients with d iss e mina ted 
intravascular coagulation have widespread thrombi, 
involving the microcirculation with concomitant and 
often severe bleeding problems, which result from 
••consumption" of essential clotting factors, which have 



been first activated and then inactivated during, the 
formation of widespread microcirculatory fibrin 
thrombi In. disseminated intravascular, coagulation, 
protein C has a distinct advantage over conventional 
anticoagulants. Because of its selectivity, protein C will 
not aggravate the bleeding problems associated with 
riissfttrniatgd intravascular coagulation, as do heparin 
and the oral anticoagulants, but retards or inhibits the 
formation of additional microvascular fibrin deposits. 
The protein C zymogen, rather than the activated serine 
protease, is the preparation of choice in disseminated 
intravascular coagulation; the substantial quantities of 
thrombomodulin-thrombin present in the microcircula- 
tion of these patients will insure complete activation of 
the zymogen into the active serine protease. The doses 
required are comparable to those used in homozygous 
or heterozygous protein C deficiency, depending on the 
quantities of protein C present in the circulation at the 
time of the . start of treatment 

Evidence has been presented that conventional anti- 
coagulant drugs, particularly warfarin, are useful in the 
treatment of invasive malignant tumors; Many tumor 
cells produce substances which trigger the activation of 
the coagulation system resulting in local fibrin deposits. 
These fibrin deposits function as "nests" in which can- 
cer cells can divide to form metastatic lesions. In one 
clinical study, it was shown that patients receiving war- 
form in addition to cancer chemotherapy for treatment 
of small cell carcinoma of the lung live longer and have 
less extensive metastatic lesions than patients receiving 
chemotherapy alone. However, the cancer chemother- 
apy utilized in this study was less intensive than that 
considered optimal in clinical oncology today. The 
more intensive forms of cancer chemotherapy almost 
always produce a sharp drop in the platelet count, and 
thrombocytopenia combined with warfarin therapy 
puts the patient in an unacceptably high risk for serious . 
bleeding computations. Activated protein C, being 
more selective than conventional anticoagulants and 
having a far higher therapeutic index than either hepa- 
rin or the oral anticoagulants, can be given relatively 
safely to the thrombocytopenic patient, thus enabling 
the treatment of patients with invasive cancers with 
effective intensive chemotherapy in combination with 
activated protein C Treatment of invasive cancers with 
activated protein C will follow a dosage regimen com- 
parable to that used in deep vein thrombosis-pulmonary 
embolism. 

The compounds of the present invention can be for- 
mulated according to known methods to prepare phar- 
maceutically useful compositions, whereby the human 
protein C product of the present invention is combined 
in admixture with a pharmaceutical^ acceptable carrier 
vehicle. Suitable carrier vehicles and their formulation, 
inclusive of other human proteins, eg., human serum 
albumin, are described, for example, in Remington's 
Pharmaceutical Sciences 16th ed\, 1980, Mack Publishing 
Co., edited by Osol et aL, which is hereby incorporated 
by reference. Such compositions will contain an effec- 
tive amount of protein C together with a suitable 
amount of carrier vehicle in order to prepare pharma* 
ceutically acceptable compositions suitable for effective 
administration to the host The protein C composition 
can be administered parenterally, or by other methods 
that ensure its delivery to the bloodstream in an effec- 
tive form. 

The following examples further illustrate the inven- 
tion disclosed herein. The examples describe the proce- 
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duxes for the construction of the present invention, and 
explanations of the procedures are provided where 
appropriate. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. l^the restriction site and function map of plas- 
mid pHC7. 

FIG. 2 — the restriction site and function map of plas- 
mid pSV2-HPC8. 

FIG. 3 — the restriction site and function map of plas- 
mid pL133. 

FIG. 4— the restriction site and function map of plas- 
mid pL13Z 

FIG. 5 — the restriction site and function map of plas- 
mid pL141. 

FIG. 6— the restriction site and function map of plas- 
mid pL142. 

FIG. 7— the restriction site and function map of plas- 
midpMSV.HFC 

FIG. 8 — the restriction site and function map of plas- 
xnid pMMTABPV-HPC 

FIG. 9— the restriction site and function map of plas- 
midpLlSl. 

FIGS. 10-17— the construction of plasmid 
pNM789B. 

FIG. IS— the restriction site and function map of 
plasmid pCZlOl. 

FIG. 19— the restriction site and function map of * 
plasmid pCZlfc 

FIG. 20— the restriction site and function map of 
plasmid pCZ459. 

EXAMPLE 1 

Culture of R eoli Kll RRl/pHC7 and Isolation of 
Plasmid pHC7 

A. Culture of R coli K12 RRl/pHC7 
One liter of L-broth (10 g peptone, lOgNaO, and5 
g yeast extract) containing 15 ftg/ml tetracycline was 
inoculated with a culture oiR coli RRl/pHC7 (NRRL 
B-15926) and incubated in an air-shaker at 37* C until 
the optical density-(OJ>.) at 590 nm was -1 absorbance 
unit, at which time 150 mg of chloramphenicol were 
added to the culture. The incubation was continued for 
about 16 hours; the chloramphenicol addition inhibits 
protein synthesis, and thus inhibits further cell division, 
but allows plasmid replication, to continue. 

B. Isolation of Plasmid pHC7 

The culture prepared in Example 1A was centrifuged 
in a Sorvall GSA rotor (DuPont Co., Instrument Prod- 
ucts, Biomedical Division, Newtown, CN 06470) at 
6000 rpm for 5 minutes at 4* C The resulting superna- 
tant was discarded, and the cell pellet was washed in 
~0 ml of TES buffer (10 .mM Tris-HO, pH=7.5; 10 
mM NaG; and 1 mM EDTA) and then repelleted. 
Alter discarding the supernatant again, (he cell pellet 
was frozen in a dry ice-ethanol bath and then thawed. 
The thawed cell pellet was resuspended in 10 ml of a 
25% sucrose/50 mM EDTA solution: After adding and 
mixing: 1 ml of a 5 mg/ml lysozyme solution; 3 ml of 
0.25M EDTA, pH=8.0fc and 100 of 10 mg/ml 
RNAse A, the solution was incubated on- ice for 15 
minutes. Three ml of lysing solution (prepared by mix- 
ing 3 ml 10% Triton-X 100; 75 ml 0.25M EDTA, 
pH=8.0; 15 ^ 0 f 1M Tris-HO, pH=8.0; and 7 ml of 
water) were added to the lysozyme-treated cells, mixed, 
and the resulting solution incubated on ice for another 
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15 minutes. The lysed cells were frozen in a dry ice* 
ethanol bath and then thawed. . 

The cellular debris was removed from the solution by 
centrifugation at 25,000 rpm for 40 minutes in an SW27 
rotor (Beckman 7360 N. Lincoln Ave., Lincolnwood, 
IL 60646). After adding 30.44 g of CsCl and ~ 1 ml of 
a 5 mg/ml ethidium bromide solution, the solution^vol- 
ume was adjusted to 40 ml and decanted into a Vti50 
ultracentrifuge tube (Beckman). After sealing the tube, 
the solution was centrifuged in a Vti50 rotor at 42,000 
rpm for ~ 16 hours. The resulting plasmid band, visual* 
ized with ultraviolet light, was isolated and then placed 
in a ti75 tube and rotor-(Beckman) and centrifuged at 
55,000 rpm for 16 hours. Any necessary volume adjust- 
ments were made using TES containing 0.761 g/ml 
CsCL The plasmid band was again isolated, the 
ethidium bromide extracted with~salt-saturated isopro- 
panol and diluted 1:3 with TES buffer. Two volumes of 
ethanol were then added to the solution, followed by 
incubation overnight at —20* C The plasmid DNA was 
pelleted by centrifugpng the solution in an SS34 rotor 
(Sorvall) for IS minutes at 10,000 rpm. 

The ~ 1 nig of plasmid pHC7 DNA obtained by this 
procedure was suspended in 1 ml of TE buffer (10 mM 
Tris-HO, pH=8.0 and 1 mM EDTA) and stored at 
—20" C A restriction site and function map of plasmid 
pHC7 is presented in FIG. 1 of the accompanying 
drawings. 

EXAMPLE 2 
Construction of Plasmid pSV2-HPC8 

A Isolation of the ~ 1.25 kb BanI Restriction Fragment 
of Plasmid pHC7 

Fifty fd of the plasmid pHC7 DNA prepared in Ex- 
ample 1 were mixed with 5 jil (~50 Units) of restriction 
enzyme BanI, 10 pi of 10X BanI reaction buffer (1.5M 
NaCl; 60 mM Tris-HCl, pH=7.9; 60 mM MgCfe and 1 
mg/ml BSA), and 35 pi of H2O and incubated until the 
digestion was complete. The Banl-digested plasmid 
pHC7 DNA was then electrophoresed on a 3.5% poly- 
acrylamide gel (29:1, acrylanrideibisHacrylamide), until 
the ~L25 kb BanI restriction fragment was separated 
from , the other digestion products. The DNA bands 
were visualized by first staining the gel with a dilute 
solution of ethidium bromide and then viewing the gel 
with ultraviolet light 

The region of the gel containing the ~ 1.25 kb BanI 
restriction fragment was cut from the gel, placed in a 
test tube, and broken into small fragments.- One ml of 
extraction buffer (500 mM NHUOAc, 10 mM MgOAc, 1 
mM EDTA* 1 % SDS, and 10 mg/ml tRNA) was added 
to the tube containing the fragments, which was placed 
at 37* C overnight Centriragatkm was used to pellet 
the debris, and the supernatant was transferred to a new 
tube. The debris was washed once with 200 pi of extrac- 
tion buffer; the wash supernatant was combined with 
the first supernatant from the overnight extraction. 
After passing the supernatant through a plug . of glass 
wool, two volumes of ethanol were added to and mixed 
with the supernatant The resulting solution was placed 
in a dry ice-ethanol bath for —10 minutes, and then the 
DNA was pelleted by centrifugation. 

Approximately. 8 fig of the ~ 1.25 kb BanI restriction 
fragment were obtained by this procedure. The purified 
fragment was. suspended in 10 /tl of TE buffer and 
stored at —20" C 
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B. Construction of the Hindlll-Bcll-Banl Linker 

The DNA fragments used in the construction of the 
linker were synthesized either by using a Systec 14S0A 
DNA Synthesizer (Systec Inc., 3816 Chandler Drive, 
Minneapolis, MN) or an ABS 380A DNA Synthesizer 
(Applied Biosystems, Inc., 850 Lincoln Centre Drive, 
Foster City, CA 94404). Many DNA synthesizing in- 
struments are known in the art and can be used to make 
the fragments. In addition, the fragments can also be 
conventionally prepared in substantial accordance with 
the procedures of Itakura et aL, 1977, Science, 198:1056 
and Crea et aL, 1978, Proc. Nat Acad. ScL USA, 
75:5765. 

Five hundred picomoles of each single strand of the 
linker were kinased in 20 pi of reaction buffer contain- 
ing: 15 units (—0.5 pi ) T4 polynucleotide kinase, 2 pi 
10X ligase buffer (300 mM Tris-HCl, pH=7.8; 100 mM 
MgCb; 100 mM dithiothreitol; and 1 mg/ml BSA), 10 
pi 500 pM ATP, and 7.5>1 H2O. The kinase reaction 
was incubated at 37* C for 30 minutes, and. the reaction 
was terminated by incubation at 100* C for 10 minutes. 
In order to ensure complete kination, the reaction was 
chilled on ice, 2 pi of 0.2M dithiothreitol, 2.5 p\ of 5 
mM ATP, and 15 units of T4 polynucleotide kinase 
were added, mixed, and the reaction mix incubated 
another 30 minutes at 37* C The reaction was stopped 
by another 10 minute incubation at 100* C and then . 
chilled on ice. 

Although kinased separately, the two single strands 
of the DNA linker were mixed together after the kinase 
reaction. In order to anneal the strands, the kinase reac- 
tion mixture was incubated at 100* C for 10 minutes in 
a water bath containing ~150 ml of water. After this 
incubation, the water bath was shut off and allowed to 
cool to room temperature, a process , taking about 3 
hours. The water bath, still containing the tube of 
kinased DNA, was then placed in a 4* C. refrigeraoor 
overnight This process annealed the single strands. The 
linker constructed had the following structure: 

. 5'-AGCTTTGATCAG— 3' 
I I II I I II 
3^AACTAGTCCACO-S' 

The linker was stored at —20* C. until use. 

C Construction^ of the ~ 1.23 kb Hindm-Apal 
Restriction' Fragment - 

• The ~8 /ig of — 1.25 kb BanI fragment isolated in 
Example 2A were added to and mixed with the — 50 pi 
of linker (—500 picomoles) constructed in Example 2B, 
1 pi T4 DNA ligase (-10 units), 10 pi 10x ligase 
buffer, 10 pi 10 mM ATP, and 19 fd H 2 O f and the 
resulting ligation reaction was incubated at 4* C. over- 
night 

The ligation reaction was stopped by a 10 minute 
incubation at 65* C The DNA was pelleted by adding 
NaOAc to 0.3M final concentration and 2 volumes of 
ethanol, chilling in a dry ice-ethanol bath, and then 
centrifdging the solution. 

The DNA pellet was dissolved in 10 pi 10 X Apal - 
reaction buffer (60 mM NaCl; 60 mM Tris-HCl 
pH=7.4; 60 mM MgCh; and 60 mM 2-mercaptoe- 
thanolX 5 pi (—50 units) restriction enzyme Apal, and" 
85 pi of H2O, and the reaction was placed at 37* C for 
two hours. The. reaction was then stopped and the 
DNA pelleted as above. The DNA pellet was dissolved 



25 

in 10 pi 10X Hindin reaction buffer (500 mM Nad; 
500 mM Tris-HCl, pH=8.0; and 100 mM MgCW. 5 pi 
(—50 units) restriction enzyme Hindlll, and 85 pi of 
H2O, and the reaction was placed at 37* C for two 
hours. 

After the Hindm digestion, the reaction mixture was 
loaded onto a 3.5% polyacrylamide gel, and the desired 
pl.23 kb Hindlll-Apal restriction fragment was isolated 
in substantial accordance with the teaching of Example 
2A. Approximately 5 fig of the desired fragment were 
obtained, suspended in 10 pi of TE buffer, and stored at 
-20° C. 

D. Isolation of the —0.88 kb PstI Restriction Fragment 
of PlasmidpHC7 

Fifty fd of the plasmid pHC7 DNA prepared in Ex- 
ample 1 were mixed with 5 pi (—50 units) of restriction 
enzyme PstI, 10 pi of 10x PstI reaction buffer (1.0M 
NaCl; 100 mM Tris-HCl pH=7.5; 100 mM MgCfc and 
1 mg/ml BSA), and 35 pi of H 2 0 and incubated at 37* 
C for two hours. The Pstl-digested plasmid pHC7 
DNA was then electrophoresed on a 3.5% polyacryl- 
amide gel, and the desired —0.88 kb fragment was puri- 
fied in substantial accordance with the procedure of 
Example 2A. Approximately 5 /ig of the desired frag- 
ment were obtained, suspended in 10 pi of TE buffer, 
and stored at —20* C 

E. Construction of the Pstl-Bcll-Bgin Linker 

The following linker was constructed and prepared 
for ligation in substantial accordance with the proce- 
dure of Example 2B: 

3'-ACOTCACTAurivrAG— # 

F. Construction of the —0.19 kb Apal-Bglll Restriction 
Fragment 

The -5 fig of -0.88 kb PstI fragment isolated in 
Example 2D were added to and mixed with the -50 ftl 
of linker ( — 500 picomoles) constructed in Example 2E, 
1 pi T4 DNA ligase (-10 units), 10 pi 10X ligase 
buffer, 10 pi 10 mM ATP, and 19 pi H2O, and the 
resulting ligation reaction was incubated at 4* C over- 
night 

The ligation reaction was stopped by a 10 minute 
incubation at 65* C After precipitation of the ligated 
DNA, the DNA pellet was dissolved in 10 pi 10X Apal 
reaction buffer, 5 pi (—50 units) restriction enzyme 
Apal, and 85 pi of H2O, and the reaction was placed at 
37* for two hours. The reaction was then stopped and 
the DNA pelleted once again. The DNA pellet was 
dissolved in 10 pi 10x BgUI reaction buffer (1M NaCl; 
100 mM Tris-HO, pH=7.4; 100 mM MgCh; and 100 
mM 2-mercaptoethanoI), 5 pi (—50 units) restriction 
enzyme BgUI, and 85 pi H2O, and the reaction was 
placed at 37* C for two hours. 

After the BgUI digestion, the reaction mixture was 
loaded onto a 3 J5% polyacrylamide gel, and the desired ' 
—0.19 kb Apal-Bgin restriction fragment was isolated 
in substantial accordance with the teaching of Example 
2A. Approximately 1 pg of the desired fragment was 
obtained, suspended in 10 pi of TE buffer, and stored at 
-20* C 
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G. Isolation of HindlH-Bglll-Digested Plasmid 
pSV2-gpt 

Approximately 10 pg of plasmid pSV2-gpt DNA 
(ATCC 37145) were dissolved in .10. 10X HindUI 
reaction buffer,. 5 pi (—50 units), restriction enzyme 
Hindin, and 85 pi H2O, and the reaction was placed at 
37* C for 2 hours. The reaction mixture was then made 
0.25M in NaOAc, and after adding two volumes of 
ethanol and chilling in a dry ice-ethanol bath, the DNA 
was pelleted by centrifugation. 

The DNA pellet was dissolved in 10 pi 10X Bglll 
buffer, 5 ul(~50 units) restriction enzyme Bgin, and 85 
pi H2O, and the reaction was placed at 37* C for two 
hours. After the Bgin digestion, the reaction mixture 
was loaded onto a 1% agarose gel, and the fragments 
were separated by electrophoresis. After visualizing the 
gel with ethidium bromide and ultraviolet light, the 
band containing the desired —5.1 kb Hindlll-Bgin 
fragment was cut from the gel. and placed in dialysis 
tubing, and electrophoresss was continued until the 
DNA was out of the agarose. The buffer containing the 
DNA from the dialysis tubing was extracted with phe- 
nol and CHQ3, and then the DNA was precipitated. , 
The pellet was resuspended in 10 pi of TE buffer and 
constituted -5 fig of the desired —5.1 kb HindUI-Bgin 
restriction fragment of plasmid pSV2-gpt 

H. T-'igftri"" of Fragments to Construct Plasmid. 

pSV2-HPC8 

Two uJ of the ~1.23 kb Hindlll-Apal restriction 
fragment prepared in Example 2C, 3 pi of the ~0.19kb 
Apal-BglH fragment prepared in Example 2F, and 2 pi 
of the -5.1 kb HinclIII-Bglll fragment prepared in 
Example 2G were mixed together and then incubated 
with lOfil 10X ligase buffer^ lOullOmMATP, 1 uiT4 
DNA ligase (-10 units), and 72 pi of H 2 G at 16* C. 
overnight The ligated DNA constituted the desired 
plasmid pSV2-HPC8; a restriction site and function map 
of the plasmid is presented in FIG. 2 of the accompany- 
ing drawings. 

L Construction of R coli K12 RRl/pSV2-HFC8 

A 50 ml culture of R coli K12 RR1 (NRRL B-15210) 
in L-broth was grown to an O.D. at 590 nm of -0.2. 
The culture was chilled on ice for ten minutes, and the 
cells were collected by centrifugation. The cell pellet 
was resuspended in 25 ml of cold 100 mM CaCh and 
incubated on ice for 25 minutes. The cells were once 
pgfltti pelleted by centrifugation, and the pellet was 
resuspended in 2.5 ml of cold 100 mM CaCh and incu- 
bated on ice overnight 

Two hundred pi of this cell suspension were mixed 
with the ligated DNA prepared in Example 2H and 
incubated on ice for 20 minutes. The mixture was then 
incubated at 42* C for 2 minutes, followed by a 10 
minute, incubation at room temperature. Three ml of 
L-broth were added to the cell mixture, and. then the 
cells were incubated . in an air-shaker at 37* C for two 
hours. 

Aliquots of the cell mixture were plated on L-agar 
(L-broth with 15 g/1 agar) plates containing 100 ug/ml 
ampicillin, and the plates were then incubated at 37* C 
R coli K12 RRl/pSV2-HPC8 transf ormants were veri- 
fied by restiction enzyme analysis of their plasmid 
DNA. Plasmid DNA was obtained from the R coli K12 
RRl/pSV2-HPC8 in substantial accordance with the 
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teaching of Example 1, except that ampirillin, not tetra- 
cycline, was the antibiotic used for selection. 

EXAMPLE 3 

Construction of Plasmid pL133 

A> Isolation of the «~029 kb HindlU-Sall Restriction 
Fragment of Plasmid pSV2-HPC8 

Fifty fig of plasmid pSV2-HPC8 were dissolved in 10 
pi 10X Hindm reaction buffer, 5 pi (~50 units) restric- 
tion enzyme HtnriTTI, and 85 pi H26, and the reaction 
was incubated at 37* C for two hours. After die Hindu! 
digestion* the DNA was precipitated, and the DNA 
pellet was dissolved in 10 pi 10X Sail reaction buffer 
(1.5M Nad; 60 mM Tris-Ha pH«7.9; 60 mM MgCfe 
60 mM 2-mercaptoethanol; and 1 mg/ml BSA) V 5 pi 
(—50 units) restriction enzyme Sail, and 85 pi of H2O. 
The resulting Sail reaction mixture was incubated for 2 
hours at 37* G 

The Hindin-Sall-digested plasmid pSV2-HPC8 was 
loaded onto a 3.5% polyacrylamide gel and electro- 
phoresed until the desired ~029 kb HindHI-Sall re- 
striction fragment was clearly separated from the other 
reaction products. The desired fragment was purified in 
substantial accordance with the teaching of Example 
2A. The —2 ug of fragment obtained were suspended in 
10 pi of TE buffer £nd stored at —20* C 

Isolation of the ~ 1.15 kb Sall-Bgin Restriction 
Fragment of Plasmid pSV2-HPC8 

Fifty pig of plasmid pSV2-HPC8 were dissolved in 10 
ftl 10X Bgin reaction buffer, 5 pi (50 units} restriction 
enzyme Bgin, and 85 pi H2O, and the reaction, was 
incubated at 37* C for two hours. After the Bglll diges- 
tion, the DNA was precipitated, and the DNA pellet 
was dissolved in 10 pi 10x Sail reaction buffer^ 5 pi 
restriction enzyme Sail, and 85 pi of H2O. The resulting 
Sail reaction mixture was incubated (or 2 hours at 37* 
C 

The Sall-BgUI-digested plasmid pSV2-HPC8 was 
loaded onto a 3.5% polyacrylamide gel and electro- 
phoresed until the desired — 1.15 kb Sall-Bgin restric- 
tion fragment was clearly separated from the other 
reaction products. The desired fragment was purified in 
substantial accordance with the teaching of Example 
2A-The ~ 8 ug of fragment obtained were suspended in 
10 ul of TE buffer and stored at -20* C 

C Isolation of the ~M kb BgHI-Hindin Restriction 
Fragment of Plasmid pSV2-£-globin 

The isolation of the desired ~42 kb Bgm-Hindm 
restriction fragment of plasmid pSV2-)3-globin (NRRL 
B-15928) was accomplished in substantial accordance 
with the teaching of Example 2G, with the exception 
that plasmid pSV2-/3-globin, rather than plasmid pSV2* 
gpt, was used. The ~5 jig of DNA obtained were sus- 
pended in 10 ui of TE buffer and stored at —20* C 

D. Ligation of Fragments to Construct Plasmid pL133 

Two pi of the fragment obtained in Example 3 A, 2 pi 
of the fragment obtained in Example 3B, and 2 pi of the 
fragment obtained in Example 3C were mixed together 
and ligated in substantial accordance with the proce- 
dure of Example 2H. The ligated DNA constituted the 
desired plasmid pLl 33; a restriction site and function 
map of the plasmid is presented in FIG. 3 of the accom- 
panying drawings. 
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E. Construction of K eoli K12 RRl/pL133 

The desired R eoli K12 RRl/pL133 transfonnants 
were, constructed in substantia] accordance with the 
teaching of Example 21, with the exception that plasmid 
pL133, rather than plasmid pSV2-HPC8, was used as 
the transforming DNA. Plasmid DNA was obtained 
from the R eoli KM RRl/pL133 transfonnants in sub- 
stantial accordance with the procedure of Example 1, 
except that the antibiotic used in culturing the cells was 
ampicillin, not tetracycline* 

EXAMPLE 4 
Construction of Plasmid pL132 

A. Isolation of the ~5.7 kb Hindlll-Bgin Restriction 

Fragment of Plasmid pSV2-neo 

The isolation of the ~5.7 kb Hmdm-BgUI restriction 
fragment of plasmid pSV2-neo (ATCC 37149) was ac- 
complished in substantial accordance with the teaching 
of Example 2G, with the exception that plasmid pS V2- 
neo, rather than plasmid pSV2-gpt, was used. The ~5 
jig of DNA obtained were suspended in 10 pi of TE 
buffer and stored at —20* C 

B. Ligation of Fragments to Construct Plasmid pL132 

Two pi of the -5.7 kb Hindin-Bglll restriction 
fragment of plasmid pSV2-neo (prepared in Example 
4A), 2 ul of the ~Q29 kb Hindm-Sall restriction frag- 
ment of plasmid pSV2-HPC8 prepared in Example 3 A, 
and 2 ul of the — 1.15 kb Sall-BglH restriction fragment 
of plasmid pSV2-HPG8 prepared in Example 3B were 
mixed together and ligated in substantial accordance 
with the- procedure "of Example 2H. The ligated DNA 
constituted the desired plasmid pL132; a restriction site, 
and function map of the plasmid is presented in FIG. 4 
of the accompanying drawings. . 

C Construction of £ coll K12 RRl/pL132 

The desired R eoli K12 RRl/pL132 transfonnants 
were constructed in substantial accordance with the 
titling of Example 21, with the exception that plasmid. 
pL132, rather than plasmid pSV2-HPC8, was used as 
the transforming DNA* Plasmid DNA was obtained 
from the R eoli K12 RRl/pL132 transfonnants in sub- 
stantial accordance with the procedure of Example 1, 
except that the antibiotic used in culturing the cells was 
ampicillin, not tetracycline. 

EXAMPLE 5 

Construction of Plasmid pL141 

A. Construction of an Xhol Recognition Sequence on 
Plasmid pSV2-dhfr to Yield Plasmid pSV2-dhfr-X 

Ten fig of plasmid pSV2-dhfr (isolated from R eoli 
K12 HB101/pSV2-dhfr, ATCC 37146) were mixed 
with 10 ul 10X BamHI salts* 2 ul (—20 units) restric- 
tion enzyme BamHI, and 88 ul of H2O, and the result- 
ing reaction was incubated at 37* for two hours. The 
reaction was terminated by phenol and chloroform 
extractions, after which the BamHI-digested plasmid 
pSV2-dhfr DNA was precipitated and collected by 
centrifugation. 

The DNA pellet was resuspended in 1 ul of 50 mM 
DTT, 4 ul of a solution 100 mM in each of the dNTPs, 
1 ul of the Klenow fragment of DNA polymerase 1 (~ 5 
units, New England Biolabs), 34 ul of IfeO, and 5 ul of 
10X Klenow buffer (400 mM KPO4, pH=7.5; 66 mM 
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MgClfc and 10 mM 2-mercaptoethanol) and incubated 
at 14* C for one hour. The reaction was stopped by the 
addition of .4 pi of 0.25M EDTA and a subsequent 
phenol extraction. The DNA was precipitated from the 
reaction mix and pelleted by centrifugation. The ~ 10 
fig of DNA obtained were dissolved in 20 pi of TE 
buffer. 

Xhol linkers (New England Biolabs, 32 Tozer Road, 
Beverly, MA 09195) of sequence: 

5'-CCTCGAGO— 3* 1 

were kinased and prepared for ligation by the following 
procedure. Four pi of linkers (<«2 pg) were dissolved in 
20.15 pi ofHzO and 5 fil of 10x kinase buffer (500 mM 
Tris-HQ, pH=7.6 and 100 mM MgG?2)» incubated at 
90* C for two minutes, and then cooled to room tem- 
perature. Five pi of y-^P-ATP (~20 pO), 2.5 pi of 1M 
DTT, and 5 pi of polynucleotide kinase (-10 units) 
were added to the mixture, which was then incubated at 
37* C for 30 minutes. Then, 3.35 pi of 0.01 mM ATP 
and 5 more pi of kinase were added, and the reaction 
was continued for another 30 minutes at 37* C The 
reaction was then stored at —20* C 

Six and eight-tenths pi (—3.4 jig) of the BamHI- 
digested, Klenow-treated, plasmid pSV2-dhfr and 10 pi 
(—0.4 pg) of the kinased Xhol linkers were mixed and 
incubated with 113 pi of water, 3.5 pi lOX ligase 
buffer, 1.4 pi 10 mM ATP, and 2 pi T4 DNA ligase 
(—10 units) at 16* C overnight The reaction was 
stopped by a 10 minute incubation at 65* C 

Ten pi 10X Xhol reaction buffer (1.5M Nad; 60 mM 
Tris-HO, pH=7.9; 60 mM MgCfc; 60 mM 2-mercapto- 
ethanol; and 1 mg/ml BSA), 5. pi restriction enzyme 
Xhol (— 100 units), and 50 pi of HfeO were added to the 
reaction, which was then incubated at 37* C for four 
hours. The reaction was loaded onto a 1% agarose gel, 
and. me desired fragment was isolated in substantial 
accordance with the teaching of Example 20. The —2 
pg of fragment obtained were suspended in 10. pi of TE 
buffer. 

The BamHI-digested plasmid pSV2-dhfir with Xhol 
linkers attached was then ligated and transformed into 
R coli K12.RR1 in substantial accordance with the 
teaching of Examples 2H and 21* with the exception 
that the transforming DNA was plasmid pSV2-dhfr-X. 

The resulting R coli K12 RRl/pSV2Kihfr-X trans- 
formants were identified by their ampicillin-resistant 
phenotype and by restriction enzyme analysis of their 
plasmid DNA. Plasmid pSV2-dhfr-X was isolated from 
the transformants in substantial accordance with the 
procedure of Example 1, except that ampiciHin was the 
antibiotic used during the culturing of the cells. 

B. Isolation of the —4.2 kb EcoRI-XhoI Restriction 
Fragment of Plasmid pSV2-dhfr-X 

Fifty pg of plasmid pSV2-dhfr-X were mixed with 10 
pi 10 X Xhol reaction buffer, 5 pi (-50 units) restric- 
tion enzyme Xhol; and 85 pi of H2O, and the resulting 
reaction was incubated at 37* C for two hours. After 
the reaction, the Xhol-digested plasmid pSV2-dhfr-X 
DNA was precipitated and collected by centrifugation. 
The DNA pellet was resuspended in 10 pi 10X EcoRI 
reaction buffer, 5 pi (-50 units) restriction enzyme 
EcoRI, and 85 pi of H2O, and the resulting reaction was 
incubated at 37* C for two hours. After the EcoRI 
reaction, the XhoI-EcoRI-digested plasmid pSV2-dhfr-. 
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X DNA was loaded onto a 1% agarose gel, and the 
desired ~4.2 kb EcoRI-XhoI restriction fragment was 
purified in substantial accordance with the procedure of 
Example 2G. The —10 pg of the fragment obtained 
were suspended in 20 pi of TE buffer and stored at 20* 
C 

C Construction of the XhoI-BstEII Restriction 
Fragment from the —0.64 kb PvuII-BstEII Restriction 
Fragment of Plasmid pL133 

Fifty jig of plasmid pL133 were mixed with 10 pi 
10X PvuII reaction buffer (600 mM NaCl; 60 mM Tris- 
HO, pH=7J; 60 mM MgCh; 60 mM 2-mercaptoe- 
thanol; and 1 mg/ml BSA), 5 fil (~50 units) restriction 
enzyme PvuII, and 85 /d of H 2 0, and the resulting 
reaction was incubated at 37* C for two hours. After 
the reaction, the PvuU-digested plasmid pL133 DNA 
was precipitated and collected by centrifugation. 

Approximately 5 jig of Xhol linker, the same as that 
used in Example 5 A, were kmased and ligated to the 
PvuII-digested plasmid pL133 DNA in substantial ac- 
cordance with the teaching of Example 5 A, After the 
ligation reaction, the DNA was precipitated and col- 
lected by centrifugation. 

The DNA pellet was resuspended in 20 pi 10x Xhol 
reaction buffer, 10 pi (~ 100 units) restriction enzyme 
Xhol, and 165 pi of H2O, and the resulting reaction was 
incubated at 37* C for 4 hours. Then, 5 pi (~50 units) 
of restriction enzyme BstEII were added to the reac- 
tion, which was then incubated at 60* C for 4 hours 
under mineral oil The XhoI-BstEII-digested DNA was 
loaded onto a 3.5% polyacylamide gel, and the desired 
~0.64 kb XhoI-BstEII restriction fragment was puri- 
fied in substantial accordance with the teaching of Ex- 
ample 2A Approximately 3 pg of the fragment were 
obtained; resuspended in 6 pi of TE buffer, and stored 
at -20* C 

D. Isolation of the —2.7 kb EcoRI-BstEII Restriction 
Fragment of Plasmid pL133 

Fifty pg of plasmid pL133 were mixed with 10 pi 
10X BstEII reaction buffer, 5 pi (—50 units) restriction 
enzyme BstEII, and 85 ;ii of HzO, and the resulting 
reaction was incubated at 60* C for two hours under 
mineral oil After the reaction, the BstEII-digested plas- 
mid pL133 DNA was precipitated and collected by 
centrifugation. The DNA pellet was resuspended in 10 
pi 10X EcoRI reaction buffer, 5 pi (—50 units) restric- 
tion enzyme EcoRI, and 85 pi of H2O, and the resulting 
reaction was incubated at 37* C for two hours! After 
the EcoRI reaction, the BstEII-EcoRI-digested plasmid 
pL133 DNA was loaded onto a 1% agarose gel, and the 
desired ~2.7 kb EcoRI-BstEII restriction fragment was 
purified in substantial accordance with the procedure of 
Example 2G. The —10 pg of the fragment obtained 
were suspended in 20 pi of TE buffer and stored at 20* . 
C 

E. Ligation of Fragments to Construct Plasmid pL141 . 
and Transformation oT K colt K12 RR1 . 

Two pi of the ~4.2 kb ECbRI-XhoI restriction frag- . . 
ment of plasmid pSV2-dhfr-X prepared in Example 5B, 
2 pi of the -0.64 kb XhoI-BstEII restriction fragment 
constructed from plasmid pL133 in Example 5C, and 2 
p\ of the ~2.7 kb EcoRI-BstEII restriction fragment of 
plasmid pL133 prepared in Example 5D were mixed 
together, ligated, and the resulting plasmid pL141 DNA 
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used to transform K coli K12 RR1 in substantial accor- 
dance, with the . teaching of Examples 2H and 2L The 
desired K coli K12 RRl/pL141 transformants were 
identified by their ampicillin-resistant phenotype and by 
restriction enzyme analysis of their plasmid DNA Plas- 
mid pL141 was isolated from the transformants in sub- 
stantial accordance with the procedure of Example 1, 
except that ampicHlin was the antibiotic used in cultur- 
ing die cells. A restriction site and function map of 
plasmid pL141 is presented in FIG. 5 of the accompany- 
ing drawings. 

EXAMPLE 6 
Construction of Plasmid pL142 

A. Isolation of the ~Q.76 kb Ndel-GindlH Restriction 

Fragment of Plasmid pRS Vcat 

Fifty jig of plasmid pRSVcat (available from the 
ATCC in host R coli IS 110 under accession number 
ATCC 37152) were inked with 10 pi 10 X Hmdm 
reaction buffer, 5 pi (~50 units) restriction enzyme 
Hindm, and 85 jilof H2O, and the resulting digest was 
incubated at 37* C. for 2 hours. After the HindllE diges- 
tion, the DNA was precipitated and collected by cen- 
trifugation. The DNA pellet was dissolved in 10.pl 10X 
Ndel reaction buffer (1.5M Nad; 100 mM Tris-HCl, 
pH==7.8; 70 mM MgGIs and 6a mM 2-mercaptoe- 
thanol), 10 fil.(~30 units) restriction enzyme Ndel, and 
85 fd of HiO, and the resulting reaction was incubated 
at 37* C until the digestion was complete. . 

Hie Hindm-NdeKdigested plasmid pRSVcat DNA 
was loaded onto a 3.5% polyacrylamide gel, and the 
~0.76 kb Ndel-Hindin restriction fragment was iso- 
lated and purified in substantial accordance with the 
teaching of Example 2A. Approximately 5 jig of the 
fragment were obtained, suspended in 10 pi of TE 
buffer, and stored at —20* C The fragment comprises 
the promoter activity of the long terminal repeat from 
Rous Sarcoma, virus and functions as a prn T n n tf M> of 
DNA transcription in many eukaryotic cells.. 

B. Isolation of the -5.1 kb Ndel-Hindm Restriction 

Fragment of Plasmid pL133 

The isolation was accomplished in substantial accor- 
dance with die teaching of Example 6A, except that 
plasmid pL133, .instead of plasmid pRSVcat, was di- 
gested. Furthermore the fragment was isolated from a 
1% agarose gel in substantial accordance with the 
teaching, of Example 2G, instead of a 3.5% polyacryl- 
amide geL Approximately 5 fig of the desired fragment 
were obtained, suspended in 10 pi of TE buffer, and 
stored at -20* C 

C ligation of Fragments to Construct Plasmid pL142 
and Transformation of £ coli K12 RR1 . 

Two pi of the -0.76 ld> Ndel-Hindm restriction 
fragment of plasmid pRSVcat isolated in Example 6A 
were ligated to 1 pi of the -5.1 kb Ndel-Hindm re- 
striction fragment of plasmid pLl 33 isolated in* Exam- 
ple 6B. The ligation was carried out in substantial accor- 
dance with the teaching of Example 2H. The ligated 
DNA, constituting the desired plasmid pL142, was used 
to transform £. coliKll RR1 in substantial accordance 
with the teaching of Example 2L The & coli K12 
RRl/pL142 transformants were identified by their am- 
picillin-resistant phenotype and by restriction enzyme 
analysis of their plasmid DNA. A restriction site and 
function map of plasmid pL142 is presented in FIG. 6 of 
the accompanying drawings. Plasmid pL142 was iso- 
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lated from the transfonnants in substantial accordance 
with the teaching of Example 1, with the exception that 
ampicillin was the antibiotic used in culturing the cells. 

EXAMPLE 7 

Construction of Plasmid pMSV-HPC 

Ten ug of plasmid pMSVi (NRRL B- 15 929) were 
dissolved in 10 ul 10X Bgffl buffer, 2 ul (-20 units) 
restriction enzyme BglH, and 88 ul of H 2 0, and the 
resulting reaction was incubated at 37* C. for 2 hours. 
After extracting the BgUI-digested plasmid pMSVi 
DNA with both phenol and chloroform, the DNA was 
itsuspended in 10 pi of H2O. 

Two ul of the Bgin-digested plasmid pMSVi DNA 
were mixed with 2 ul of the -1.425 kb BcU restriction 
fragment of plamid pSV2-HPC8 prepared in Example 
8C, below, and the two fragments were ligated and 
transformed mXoKeoU K12 RR1 in substantial accor- 
dance with the procedure of Examples 2H and 21. 

The desired pMSV-HPC transfonnants were identi- 
fied by restriction enzyme analysis of their plasmid 
DNA and by their ampiculin-resistant and tetracycline- 
resistant phenotype. A restriction site and function map 
of plasmid pMSV-HPC is presented in FIG. 7 of the 
accompanying drawings, Due to the presence of the 
Murine Sarcoma virus sequences on the plasmid, plas- 
mid pMSV-HPC can be encapsidated to become a 
transmissible vector with trans-acting functions pro- 
vided by a helper virus with a broad host range (e.g. f 
amphotropic murine leukemia viruses) or by a cell line 
harboring such helper functions. This process greatly 
enhances the transfonnability of the vector and widens 
the range of host cells wherein the vector can be ex- 



EXAMPLE 8 
Construction of Plasmid pMMTABPV-HPC 
A. Construction of Intermediate Plasmid pMMTABPV 

About one ug of plasmid pdBPV-MMTneo (ATCC 
37224) was mixed with 10 ul 10X Bamffl reaction 
buffer, 5 ul (-50 units) restriction enzyme BamHI, and 
85 ul of H2O, and the resulting reaction was incubated 
at 37* C for two hours. 

After a five minute incubation at 65* C the BamHI- 
digested plasmid pdBPV-MMTneo DNA was diluted 
to a concentration of about 0.1 ug/ul in ligase buffer 
and ligated with T4 DNA Hgase, and the resulting plas- 
micLpMMTjfcABPV DNA was used to transform K coli 
Klxnkl in TOtotflf 1 ** 111 accordance with the tea c hin g of 
Examples 2H and 2L The R coli K12 
RRl/pMMTABPV transfonnants were identified by 
their ampicillhvresistant phenotype and by restriction 
enzyme analysis of their plasmid DNA. Plasmid 
pMMTABPV DNA was isolated from the transfor- 
mants in substantial accordance with the teaching of 
Example 1, except that ampicillin was the antibiotic 
used during culturing of the cells. 

B. Preparation of BgLQ-Digested Plasmid 
pMMTABPV 

Ten ug of plasmid pMMTABPV DNA were dis- 
solved in 10 ul 10X BglH buffer, 5 ul (-50 units) re- 
striction enzyme BglH, and 85 ul of H2O, and the re- 
sulting reaction was incubated at 37* C for two hours. 
The reaction was then extracted once with phenol and 
once with chloroform, and the DNA was precipitated 
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and collected by centrifugation. The ~ 10 fig of BgUI- 
digested plasmid pMMTABPV DNA obtained by this 
procedure were suspended in 20 pi of TE buffer and 
stored at 20* C 

C. Isolation of the -1.425 kb Bell Restriction 
Fragment of Plasmid pSV2-HPC8 

In order to digest DNA completely with restriction 
enzyme Bell, the deoxyadenyl residue in the recogni- 
tion sequence must not be methylated. When preparing 
plasmid DNA in R coli for subsequent digestion with 
Bell, it is necessary to use a strain deficient in adenine, 
methylase, such as R coli K12 GM48 (NRRL B-15725). 

R coli K12 GM48 was prepared for transformation, 
and then transformed with plasmid pSV2-HPC8 in sub- 
stantial accordance with the procedure of Example 2L 
Plasmid pSV2-HPC8 DNA was isolated from the R 
coli K12 GM48/pSV2-HPC8 transformants in substan- 
tial accordance with the teaching of Example 1, except 
that ampicillin was the antibiotic used during culturing 
of the cells. 

Fifty fig of the plasmid pSV2-HPC8 DNA isolated 
from the R coli K12 GM48/pSV2-HPC8 transformants 
were dissolved in 10 pi 10 X Bell reaction buffer (750 
mM KC1; 60 mM Tris-HO, pH=7.4; 100 mM MgCh; 
10 mM dithiothreitol; and 1 mg/mL BSA), 5 pi (-50 
units) restriction enzyme Bell, and 85 pi of H2O, and 
the resulting reaction was incubated at 50" C for two 
hours. The Bell-digested plasmid pSV2-HPC8 DNA 
was loaded onto a 1% agarose gel, and the desired 
~ 1.425 kb Bell restriction fragment was isolated and 
purified in substantial accordance with the teaching of 
Example 2G. The ~5 jig of fragment obtained were 
dissolved in 10 pi of TE buffer and stored at —20* C 

D. Ligation to Construct Plasmid pMMTABPV-HFC 
and Transformation of R coli K12 RR1 

Two pi of the Bgin-digested plasmid pMMTABPV 
DNA prepared in Example 8B and 2 pi of the ~ 1.425 
kb Bell restriction fragment of plasmid pSV2-HPC8 
isolated in Example 8C were mixed together; ligated, 
and the resulting plasmid pMMTABPV-HPC DNA 
used to transform R coliKll RR1 in substantial accor- 
dance with the procedure of Examples 2H and 2L The 
desired R coli K12 RRl/pMMTABPV-HPC transfor- 
mants were identified by their ampicillin-resistant phe- 
notype and by restriction enzyme analysis of their plas- 
mid DNA. Plasmid pMMTABPV-HPC was isolated 
from the transformants in substantial accordance with 
the procedure of Example 1, except that ampicillin was 
the antibiotic used during cutturing. A restriction site 
and function map of plasmid pMMTABPV-HPC is 
presented in FIG. 8 of the accompanying drawings. 

EXAMPLE 9 

Construction of Plasmid pL15 1 

A. Construction of an ~ 1.06 kb BstEII-XhoI 
Restriction Fragment Derived From Plasmid pL142 

Fifty jig of plasmid pL142 DNA were dissolved in 10. 
pi 10X Ndel reaction buffer, 5 pi (~ 50 units) restric- 
tion enzyme Ndel, and 85 pi of H2O, and the resulting 
reaction was placed at 37" C for two hours. After the 
reaction, the DNA was precipitated and collected by 
centrifugation. The DNA pellet was resuspended in 
Klenow buffer and the Ndel-digested DNA was treated 
with Klenow enzyme in substantial accordance with the 
procedure of Example 5A. After the Klenow reaction, 
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the DNA was again precipitated and collected by cen- 
trifiigation, 

Xhol linkers (5'-CCTCGAGG : 3') were kinased, pre- 
pared for ligation, and ligated to the Ndel-digested, 
Klenow-treated plasmid pL142 DNA in substantial, 
accordance with the procedure of Example SA. After 
heat-inactivating the ligation reaction, the DNA was 
precipitated and collected by centrifugation. 

The DNA pellet was dissolved in 20 pi 10X Xhol 
reaction buffer, 10 pi (~100 units) restriction enzyme 
Xhol, and 170 pi of H26, and the resulting reaction was 
incubated at 37" C for two hours. Then, 5 pi (~50. 
units) restriction enzyme BstEII were added to the 
reaction, which was incubated at 60* C for four hours 
under mineral oiL After phenol extraction, the digested 
DNA was loaded onto an acrylamide gel and the ~1.06 
kb BstEII-XhoI restriction fragment was isolated and 
purified in substantial accordance with the procedure of 
Example 2A. Approximately 5 pg of the desired frag- 
ment woe obtained, suspended in 10 pi of TE buffer, 
and stored at —20* C 

B. Ligation and Final Construction of Plasmid pLISI 
and R coli K12 RRl/pL151 

Two pi of the -1.06 kb BstEII-XhoI restriction 
fragment derived from plasmid pL142 and. prepared in 
Example 9 A were ligated to 2 pi of the ~ 4.2 kb EcoRI- 
Xhol restriction fragment of plasmid pSV2-dhfr-X pre- 
pared in Example 5B, and to 2 pi of the -2/74 kb 
BstEII-EcoRI restriction fragment of plasmid pL133 
prepared in Example 5D. The ligation reaction was 
carried out in substantial accordance with the proce- 
dure of Example 2H. 

The ligated DNA . constituted the desired plasmid 
pLISI and was used to transform R coli K12 RR1 in 
substantial accordance with the procedure of Example 
21. The desired R coli K12. RRl/pLlSl transformants 
were selected on ampirillm<ontainmg media and iden- . 
tified by restriction enzyme analysis of their plasmid 
1 DNA. A restriction site and function map of plasmid 
pL151 is presented in FIG. 9 of the accompanying 
drawings. 

EXAMPLE 10 

Construction of Plasmid pNM789B 

A. Construction of Plasmid pKEN021 and Isolation of 
the ~5.1 kb Xbal-BamHI Restriction Fragment 

The ~5.1 kb fragment produced by Xbal-BamHI 
cleavage of plasmid pKEN021 106 in FIG. 12) was used 
as starting material Plasmid pKEN02 1 is a derivative of 
pKENl 1 1 (101 in FIG. 10 and further described in Lee, 
et aL, 1981, J. Bact 146: 861-866 and Gwiebcl, et aL, 
1981, J. Bact 145: 654-656), which is on deposit in R 
coli CC620 (NRRL B-15011) and which has a -2.8 kb 
fragment which contains the lipoprotein gene of R coll 
A description of this fragment is provided in Nakamura 
and Inouye, 1979, Cell 18: 1109-1117. 

In plasmid pKEN021, the 650 bp (base pair) sequence 
between the unique EcoRI and Sail restriction sites of 
pBR322 has been replaced by sequences taken from the 
lipoprotein gene of R coll The lipoprotein gene se- 
quence (Nakamura and Inouye, 1979) includes a 462 bp 
Alul fragment, upstream from the first triplet (ATG) of 
the lipoprotein gene that contains the promoter, the 5' 
untranslated region, and the ribosome-binding site. A 
unique Xbal restriction site is located within the ribo- 
some-binding site 16 bp before the translation-initiating, 
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methionine-encoding signal A PvuII restriction site 
located 105 bp upstream from the translation termina- 
tion codon of the structural gene was changed to a 
BamHI restriction site, by the addition of a synthetic 
DNA linker (5'CCGGATCCGG3\ obtained from Col- 
laborative Research); The coding sequence for the last 
35 amino acids of lipoprotein, the translation termina- 
tion signal, and the sequence corresponding to the 3 r 
untranslated region of the messenger RNA follow the 
BamHI site. Plasmid pKEN021 also includes some 850 
bp of extraneous sequences unrelated to the apoprotein 
gene and located downstream of it in the R coli chro- 
mosome. These sequences were included as a conse- 
quence of the methods and restriction enzyme sites used 
in the original isolation of the gene. _ 

Referring to FIGS. 10, 11, and 12, plasmid pKEN021 
is derived from pKENlll in the following manner 
About 50 fig of plasmid pKEN 1 1 1 (101 in FIG. 10) are 
digested with 25 units of HpaTJ restriction enzyme in 
300 ul of a buffer containing 20 mM TrisHO, pH 7.4; 
10 mM MgCh; 6 mM KO; and 1 mM dithiothreitol at 
37* C for 2 hours. The mixture is extracted twice with 
300 pi of a 50:50 mixture of phenol and chloroform and 
the recovered aqueous phase is then precipitated, after 
chilling to —70* C, with 2.5 volumes of ethanol and 0.1 
volume of 3M sodium acetate. The DNA pellet is dis- 
solved in 100 jil of electrophoresis buffer and fraction- 
ated on a 5 percent polyacrylamide gel (acrylamide:bis 
ratio is 29:1 in all gels except where noted). The gel is 
stained in a solution containing 0.5 fig/ml of ettudium 
bromide and bands are visualized under long wave- 
length ultraviolet light A 950 bp band is isolated and 
recovered from the gel by electrocution into a dialysis 
bag. After phenol/CHGb extraction and ethanol pre- 
cipitation, the recovered DNA (approximately 2.5 fig) 
is dissolved in 25 pi of TEN (10 mM Nad; 10 mM 
Tris-Hd pH 7.4; and 1 mM sodium ethylenedinitrilo- 
tetraacetate (EDTA), pH 8.0). 

About 2 jig of the 950 bp Hpall fragment are digested 
with Alul restriction enzyme in 200 pi of a buffer con- 
taining 50 mM Na<3, 6 mM Tris HQ (pH 7.6), 6 mM 
MgQi> and 6 mM 0-mercaptoethanol for 2 hours at 37* 
C The DNA is fractionated on a 6 percent polyacryl- 
amide gel and the 462 bp Alul fragment generated is 
recovered and purified by the method previously de- 
scribed. The' 462 bp Alul fragment (approximately 1 
^g) is dissolved in 10 pi of T4 DNA ligase buffer (50 
mM Tris-HO, pH 7.8; 10 mM MgOu 20 mM dithio- 
threitol; and 1.0 mM ATP) containing 150 picomoles of 
phosphorylated EcoRI linker (5'GGAATTCC3' from 
Collaborative Research) and 2 units T4 DNA ligase. 
After incubation at 4* C for 16 hours, the mixture is 
heated at 65* C for 10 minutes and diluted to 100 fil 
with the addition of EcoRI buffer (100 mM Tris HC3, 
pH 7.5; 50 mM NaCI; 5 mMMgdii; and 6 mM /3-mer- 
captoethanol) and 40 units EcoRI enzyme. After 2 
hours at 37* C the sample is conventionally phe- 
nol/CHCb extracted and ethanol precipitated. 

The DNA is then dissolved in 20 plot T4 DNA 
ligase buffer containing 1 unit T4 DNA ligase and 0.1 
jig pBR322 (102 in FIG. 10) which has been linearized 
with EcoRI and then treated with alkaline phosphatase. 
After ligation at 4* C for 16 hours, the resultant DNA 
is used to conventionally transform E coli K12 RV308 
(NRRL B-15624). Transformants are selected on agar 
plates containing 12 fig/ml of tetracycline and plasmids 
isolated from resistant colonies by the rapid alkaline 
extraction procedure described in Birnboim and Doly, 
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1979, Nucleic Acids Research 7: 1513-1523. A plasmid 
(103 in FIG. 10) containing a 466 bp Xbal-BamHI frag- 
ment is selected and used as the starting material for the 
step next described. 

About two jig of this plasmid (103 in FIG. 11) are 
digested with 2 units of HindM enzyme in 50 Hin- 
dm buffer (50 mM NaCl; 10 mM Tris-HCl, pH 8; 10 
mM MgCh; and 6 mM 0-mercaptoethanol) for 1 hour 
at 37* C After phenol/CHOb extraction and ethanol 
precipitation, the DNA is dissolved in 200 pA of a buffer 
containing 300 mM NaCl, 30 mM sodium acetate at pH 
4.25, 1 mM ZnQfc and 200 units of SI nuclease (Miles 
Laboratories). After 1 hour at 15* C, the reaction is 
stopped by phenol/CHCb extraction and ethanol pre- 
cipitation. The resultant DNA is dissolved in 10 pi T4 
DNA ligase buffer containing 20 picomoles phosphory- 
lated BamHI linkers (5'CCGGATCCGG3\ from Col- 
laborative Research) and 2 units T4 DNA ligase. After 
16 hours at 4* C, the reaction mixture is heated at 65* C 
for 10 minutes to inactivate the ligase and then diluted, 
to 100 /il in BamHI buffer (150 mM NaCl; 6 mM 
Tris-HCl, pH 8.0; 6mM MgCh; and 6 mM /3-mercapto- 
ethanol) containing 20 units BamHI enzyme. After 2 
hours at 37* C, the mixture is purified on a 1 percent 
agarose gel 

The gel is stained and the larger fragment (—4.5 kb) 
is recovered by eiution after freezing the gel and then 
purified by phenol/CHCla extraction and ethanol pre- 
cipitation. Tlie recovered fragment with BamHI cohe- 
sive ends is dissolved in 20 jil of T4 DNA ligase buffer 
containing 1 unit T4 DNA ligase. After 16 hours at 4* 
C, the DNA is used to transform R co// RV308. Trans- 
fonnants are selected by resistance to ampicQlin (ApO at 
100 jig/ml and screened for sensitivity to 10 jig/ml 
tetracycline (Tc$. Several plasmids, prepared by the 
previously described Bimbphn procedure from colonies 
which are ApTo r 9 are examined for the absence of a 
HindlQ site and the presence of a single BamHI site. 
EcoRI and Sail sequential digestion yields a 466 bp and 
a 305 bp fragment A plasmid (104 in FIG. 11) with 
these characteristics is selected and then modified to 
convert the EcoRI site, located upstream of the lpp 
promoter, to a Hindm restriction site. 

Two micrograms of plasmid (104 in FIG. 11) are 
digested in 100 jil of EcoRI buffer with 02 units of 
EcoRI for 10 minutes at 37* C The reaction is stopped 
by heating for 10 minutes at 65* C, and, after phe- 
nol/CHCb extraction, the DNA is ethanol precipitated, 
dissolved in 200 pi of SI nuclease buffer containing SI 
nuclease at 1000 units/ml, -and reacted at 12* C for 1 
hour. The reaction is stopped by„ phenol/CHCh extrac- 
tion and ethanol precipitation. The resultant DNA is 
resuspended in 10 pi of T4 DNA ligase buffer contain- 
ing 20 picomoles phosphorylated Hindm linker 
(5'CCAAGCTTGG3\ from Collaborative Research) 
and 2 units of T4 DNA ligase. After 16 hours at 4* C, 
the mixture is heated for 10 minutes at .65* C diluted to 
150 yl in Hindm buffer containing 10 units Hindlll 
enzyme, incubated for 2 hours at 37* C, and then frac- 
tionated on a 1 percent agarose gel The largest band 
(equivalent to singly-cut plasmid) is conventionally 
recovered and purified, dissolved in 20 pi T4 ligase 
buffer containing 2 units T4 ligase, incubated 16 hours 
at 4* C, and then used to transform R coli RV308. 
Transformants are selected for ampicOlin resistance and 
plasmid isolates conventionally analyzed by restriction 
enzyme analysis. A plasmid (105 in FIG. 11) with an 
EcoRI-Hindin fragment of 466 bp is selected and used 
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as the cloning vector for addition of the 3' region of the 
Ipp gene. 

About two jig of plasmid (105 in FIG. 12) are di- 
gested in 50 pi of Sail restriction buffer (150 mM Nad; 
6 mM Tris-HQ, pH 7.9; 6 mM MgCfc; and 6 mM £- 
mercaptoethanol) with 2 units of Sail for 1 hour at 37* 
C and then diluted, to 150 pi in BamHI buffer contain- 
ing 2 units BamHL After 1 hour at 37* C, 2.5 units of 
alkaline . phosphatase are added and incubation contin- 
ued for 1 hour at 65* C The material is phenol/CHCU 
extracted, ethanol precipitated* dissolved in TEN, and 
used as a cloning vector for the Ipp 3' fragment 

To obtain the fragment containing the Ipp 3' region, 
10 fig of pKENlll (101 in FIG. 12) are digested in 200 
pi of Hpal buffer (20 mM Kd; 10 mM Tris-HQ, pH 
7.4; 10 mM MgCl^ and 6 mM /^mercaptoethanol) with 
10 units of Hpal for 2 hours at 37* G After phe- 
nol/CHCl3 extraction and ethanol precipitation, the 
DNA is dissolved in 10 pJ T4 DNA ligase buffer con- 
taining 20 picomoles phosphorylated Sail . linker 
(5'GGTCGACC3', from Collaborative Research) and 2 
units T4 DNA ligase and then incubated for 16 hours at 
4* C The ligase is inactivated by heating at 65* C for 10 
minutes. The resultant material is diluted to 100 pi in 
Sail buffer containing 10 units of Sail and incubated 1 
hour at 37* C, and then diluted to 300 pi in PvuH buffer 
(60 mM Nad; 6 mM Tris-HO, pH 7.5; 6 mM MgCfe; 
and 6 mM /^-mercaptoethanol) containing 10 units 
PvuII restriction enzyme. After 1 hour at 37* C, the 
DNA is fractionated on a 5. percent polyacrylamide gel 
Approximately 0.5 fig of a 950 bp fragment is recov- 
ered, purified, and dissolved in TEN. Two-tenths mi- 
crogram of the fragment is diluted into 20 pi T4 DNA 
ligase buffer containing 20 picomoles phosphorylated 
BamHI linker (5'CCGGATCCGG3', from Collabora- 
tive Research) and 2 units T4 DNA ligase and then 
incubated for 16 hours at 4* C The resultant DNA is 
then heated for 10 minutes at 65* C, diluted to 100 pi in 
BamHI buffer containing 20 units BamHI, incubated at 
37* C for 2 hours, and then fractionated on a 5 percent 
polyacrylamide gel to remove excess linker molecules. 
The resultant 950 bp fragment having BamHI and Sail 
cohesive ends is conventionally purified and dissolved 
in 20 pi of T4 DNA ligase buffer containing both 0.2 ug 
of. the BamHI-Sall-digested, alkaline phosphatase- 
treated plasmid 105 DNA and 2 units T4 DNA ligase. 
After incubation for 16 hours at 4* G, the DNA is used 
to transform R coll K12 RV308. Plasmids are prepared 
from ampicillin resistant transformahts and convention- 
ally analyzed for the Sall-BamHI fragment The desired 
plasmid (-5.2 kb) is designated pKEN021 (106 in FIG. 
12). 

Ten micrograms of pKEN021 were digested at 37* C 
in 200 /ilofXbal/Bamffl buffer (150 mMNaGI; 10 mM 
Tris-HO, pH 8; 10 mM MgCi* and 6 mM ^-mercaptoe- 
thanol) using 10 units of BamHI for 1 hour followed by 
10 units of Xbal for an additional hour at 37* C The 
desired Xbal-BamHI-digested DNA was then treated 
with 2.5 units of alkaline phosphatase for L5 hours, at 
65* C, phenol/GHQa extracted, collected by ethanol 
precipitation, and dissolved in 50 pi of TEN for future 
use (107 in FIG. 12)1 

B. Construction of Plasmid pNM575 

Plasmid ptrpED50chGH800 (108 in FIG. 13), de- 
scribed in Martial et aL, 1979, Science 205: 602-607 was 
used as the source of a DNA fragment containing the 
coding sequence for a portion of the human growth 
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hormone gene. This fragment can also be constructed 
synthetically Qtakxm et aL, 1977 and Crea et al., 1978) 
or can be obtained using recognized methodology de- 
scribed by Goodman et aL, 1979, Methods in Enzymol- 
ogy 68:75-90, by isolating mRNA coding for human 
growth hormone from human pituitaries. 

The human growth hormone gene portion of plasmid 
ptrpED50chGH80O contains a unique Smal restriction 
site 6 bp downstream from the translation termination 
codon of the gene. This site was changed to a BamHI 
site using the following procedure: 6 jig of the plasmid 
were digested with 6 units of Smal in 200 pi of Smal 
restriction buffer (6 mM Tris-HCL pH 8.0; 6 mM 
MgCh; 20 mM KCt and 6 mM 0-mercaptoethanol] for 
15 ^ 37* C After digestion was complete, phe- 
nol/CHCb extraction was performed, and the DNA 
was recovered by ethanol precipitation andlhen dis- 
solved in 24 ul of TEN. Forty picomoles of phosphory- 
lated BamHI adapter fragment (Collaborative Re- 
search) were added to 0.5 pg (02 picomole ends) of the 
above-digested plasmid in 16 pi of ligase buffer contain- 
ing 2 units T4 DNA ligase. The mature was incubated 
2 hours at 22* C, 16 hours at 4* C and then 10 minutes 
at 65* C BamHI cohesive termini were generated by 
conventional digestion with Bamffl restriction enzyme. 

The enzyme cleaved the linker sequence as well as 
the BamHI site located at the beginning of the cloned 
human growth hormone cDNA sequence. This cleav- 
age yielded a 691 bp fragment with cohesive BamHI 
ends which was separated on a 6 percent polyacryl- 
amide gel and then conventionally recovered. The re- 
covered DNA fragment was ligated (using 2 units T4 
DNA ligase in 20 ul of buffer under previously de- 
scribed conditions) with *.l ug of ""^J^g*"*' 
alkaline phosphatase-treated plasmid pBR322 (102 m 
FIG 131 After 16 hours at 4* C, the material was used 
toSmsfor^I cott strain JA221 (NRRL No. B-15014) 
in substantial accordance with the transformation pro- 
c^reof Wensink et at, 1974, . Cell 3:315-325. Trans- 
fonnants were selected on agar plates containing 100 
ue/ml ampiculm, and then plasmids were convention- 
ally isolated and identified by restriction enzyme and 
gel electrophoretic analysis. Desired plasmids, desg- 
Sed «^M575 (109 in FIG. 13). contain a BamHI 
fragment of approrimately 700 bp and were conven- 
tionally amplified for future use. 

Construction of Plasmid pNM702 
The DNA sequence of mature human growth hex- 
J£ coSdVone FnuDH site which is 47 bp from the 
first nucleotide of the coding sequence. .Twenty-five 
micrograms of P NM575 were digested m 250 ul of 
Bamfflbuffer with 25 units of Bamffl at 37* C. for 1 
hour, The 691 bp fragment wuh Bamffl coheaye ter- 
mini was conventionalry isolated from a ( i percent poly- 
acrylamide gel and purified. After purification of the 
£^ncnt, onVthird of it (equivalent to B ^gofpksmid) 
wasdigestedin 100 uiof FnuDH bufi% (6 mM NaCl;.6 
mM Tris-HO, pH 7.4; 6 mM MgCh; and 6 mM fi-ma- 
cTtc^ol) w\th2JunitsFnuDnfor 1.5 hours .* 37* 
C Electrophoresis on a 6 percent polyacrylamide gel 
and standard recovery procedures were used to isolate 
a 538 bp DNA fragment containing the coding se- 
quence for the la* 175 amino acids of the gene followed 
bv a translation stop signal. ; ■ ' '■ 

A doSUtranded DNA fragment (110 in FIG. 14) 
was synthesized by the phosphotriester method to join 
the lpp promoter region with the human growth hor- 
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mone coding region. The double-stranded DNA frag- 
ment (110 in FIG. 14) has the following sequence: 



XBal 

5^AGAOOOTATT^T^TGTTCCC 

| | | | | M | I I I I I I I I I I I I 
3'-TCCCATAATTATTACAAGGG 

ATTGGATGATGATGATAAGTTCCCA 

iiiii mm i mini 1 1 ii 

TAACCTACTACTACTATTCAAGGGT 

ACCATTCCCTTATCCAGGCTTTTTG 

II III II I Mill I M M Mill II 
TGGT AAGGGAAT AGGTCC GAAAAAC 

ppoDn 

ACAACGCTATGCTCCO— y 

Ml II 1 1 MM Ml II 

TGTTGCGATACGAGGCr-y 

The fragment was prepared by lighting the following 
single-stranded DNA molecules, prepared by recog- 
nized phosphotriester methodology: 

(1) CTAGAGGGTAT 

(2) TAATAATGTTCC 
) CATTGGATGAT 

|4) GATG ATAAGTTCC 

(5) CAACCATTCCC 

(6) TTATCCAGGC 

(7) TTTTTGACAAOG 

(8) CTATGCTCCG 

(9) CATTATTAATACCCT 

(10) ATGGGAA 

(1 1) CTTATCATCATCATCCA 

(12) GGTTGGGAA 

(13) GGATAAGGGAAT 

(14) GTCAAAAAGCCT 
(5) CGGAGCATAGCGTT 

Using the above-prepared segments, the T4 ligase 
catalyzed joining reactions were performed stepwise as 
described below- 

(a) 5'-Unphosphorylated segment 1 was joined to 
5-'phosphorylated segment 2 in the presence of 5'-phos- 
phorylated segment 9 using T4 ligase to form DNA 
duplex 1 (Brown et aL, 1979, Methods in Enzymology 
109-151). The duplex was isolated by preparative gel 
electrophoresis on 15% polyacrylamide. 

(b) 5'-Phosphorylated segment 3 was joined to 5'- 
phosphorylated segment 4 in the presence of 5'-pKos- 
phorylated segment 11 using T4 ligase to form DNA 
duplex 2 which was purified by 15% polyacrylamide 
gel electrophoresis. 

(c) 5'-Phosphorylated segment 5 was joined to 5'- 
phosphorylated segment 6 in the presence of 5'phos- 
phorylated segments 12 and 13 using T4 ligase. to form 
DNA duplex 3 which was purified by 15% polyacryl- 
amide gel electrophoresis. 

(d) 5'-Phosphorylated segment 7 was joined to 5'- 
phosphorylated segment 8 in the presence of 5'-phos- 
phorylated segment 14 and 5'-unphosphorylated seg- 
ment 15 using T4 ligase to form DNA duplex 4 which 
was purified by 15% polyacrylamide gel electrophore- 
sis. 

(e) The DNA duplexes 2, 3 and 4 then were joined 
together by T4 ligase to form DNA duplex 5 which was 
purified by 15% polyacrylamide gel electrophoresis. 

(f) 5'-phosphorylated segment 10 and DNA duplex 5 
were added, in the presence of T4 ligase, to the DNA 
duplex 1. The resulting DNA duplex; (110 in FIG. 5) 
was purified by 10% polyacrylamide gel electrophore- 
sis. This DNA duplex then was enzymatically phos- 
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phorylatcd using T4 polynucleotide kinase and [y- 32 ?]- 
ATP by following established procedure. 

The expression piasmid pNM702 (111 in FIG. 14) 
was constructed by enzymatically joining 0.1 picomole 
(0.4 jig) of the Xbal-BamHI fragment of piasmid 
pKEN021 (107 in FIG. 14), 0.025 picomoles synthetic 
DNA fragment (110 in FIG. 14), and 0.3 picomoles 
(0.08 u-g) of 538 bp fragment (from 109 in FIG. 14) in 24 
fd of ligation buffer using 1J units T4 DNA ligase. 
After incubation for 16 hours at 4* G, the mixture was 
used to transform & colt JA221 (NRRL B-15211) in the 
previously described. Transfonnants were se- 
lected on agar plates containing 100 fig/ml ampicillin 
and were conventionally cultured as a preferred source 
of the desired expression piasmid 

Expression of human growth hormone was detected 
by a standard radioimmunoassay procedure (Twomey 
et aL, 1974, din* Chem. 20*389-391) and was deter- 
mined to be at least 2 million molecules per cell 

D. Construction of Piasmid pNM789 

Piasmid pNM702 (111 in FIG. 15), the expression 
piasmid for huan growth hormone, was used as the 
starting material, for construction of a piasmid express- 
ing Met-Fhe-Pro<Ixu-Asp-Asp-Asp-Asp-Lys-bGH. 

Piasmid pBP348 (112 in FIG. 15), described in Miller 
et aL, 198a J. BioL Chem. 255:7521-7524, was used as 
the source of two DNA fragments containing the cod- 
ing sequence for a portion of the bovine growth hor- 
mone gene. The piasmid contains an 831 bp. bovine 
growth hormone-encoding sequence cloned in the PstI 
restriction site of pBR322. As an alternative to the 
method described in Miller et aL, 1980, the sequence for 
bovine growth hormone can be constructed syntheti- 
cally (Itakura et aL, 1977 and Crea et aL, 1978) or can 
also be obtained from messenger RNA isolated from 
bovine pituitaries by the now routine procedures de- 
scribed by Goodman et aL, 1979. 

The coding sequences for human growth hormone 
and bovine growth hormone are very similar and show 
much homology. Particularly useful in the construction 
of the expression piasmid for bovine growth hormone 
were the fragments generated by digestion with the 
restriction, enzyme PvuH The size of the fragments 
produced are 497, bp in human growth hormone and 494 
bp in bovine growth hormone and the corresponding 
restriction sites occur in the same reading frames in both 
sequences. . 

Ten micrograms of pNM702 (111 in FIG. 15) were 
partially digested with 1 Unit of PvuII in 200 jil of PvuII 
restriction buffer for 10 minutes at 37* C After the 
reaction was stopped by heating at 65" C for 10 min- 
utes, the DNA was treated with alkaline phosphatase 
and the fragments separated on a one percent agarose 
geL The linear DNA fragment (113 in FIG. 15) of the 
size that corresponded to DNA with the 497 bp PvuII 
fragment missing (runs slightly faster than singly-cut 
piasmid) was conventionally excised, purified, and used 
in the construction of an intermediate piasmid (114 in 
FIG. 15). 

A 494 bp PvuII fragment of piasmid pBP348 was 
prepared by- digesting 10 pg of the piasmid in 200 
PvuII buffer containing 10 units of PvuII for 1 hour at 
37* Q The fragments were separated on a 6 percent 
polyacrylamide gel and the desired 494 bp fragment 
(from 112 in FIG. 15) was conventionally purified. 
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Intermediate plasmid (114 in FIG. 15) was con- 
structed by reacting 0.2 u-g of the plasmid pNM702 
PvuII fragment with 0.05 fig of 494 bp fragment in 20 fil 
of T4 DNA ligase buffer containing 2 units T4 DNA 
ligase for 16 hours at 4* C After transformation and 
selection of transformants for ampicillin resistance, the 
plasmids were conventionally analyzed for the presence 
and proper orientation of the 494 bp PvuII fragment 
Plasmids with a 494 bp PvuII fragment and a 440 bp 
Xbal-Smal fragment were selected for use in further 
constructions. 

Ten micrograms of the intermediate plasmid (114 in 
FIG. .16) were digested with 1 unit PvuII in 200 /il 
PvuII buffer for 5 minutes at 37* C After heating at 65 * 
C for 10 minutes, the mixture was electrophoresed on a 
1 percent agarose gel and linear DNA having only a 
single PvuII cut per molecule was recovered and puri- 
fied. This recovered material (approximately 3 ug) was 
digested completely with 5 units of Xbal and treated 
with alkaline phosphatase. The fragments were electro- 
phoresed on a 1 percent agarose gel and the/largest 
fragment (missing the 109 bp fragment between the 
Xbal and the first PvuII she in human and bovine 
growth hormone) was conventionally recovered (115 in 
FIG. 16). 

The DNA sequence for the first 23 amino acids (69 
bp) of bovine growth hormone up to the first PvuII site 
contains 2 Hpall restriction sites, the first of which is 23 
bp from the first nucleotide of the coding sequence. A 
63 bp fragment (116 in FIG. 16) was synthesized by the 
phosphotriester method. This fragment corresponds to 
the 19 bp sequence from the Xbal site in the lpp ribo- 
some binding site through the ATG translational start, 
signal followed by the coding sequence for Phe-Pro- 
Leu-f Asp-Asp-Asp-Asp-Lys (24 bp) and 20 nucleotides 
of the coding sequence of bovine growth hormone 
(from Phe to the first Hpall site). The fragment has the 
following sequence: 



Xbal 

S'-CTAGAGGGTATTAATAATGTTCCC ATTGOATOATGATGATAAGT 
MINIM MINIMI I II III N III IN III I I INI 

3-TCCCATAATTATTACAAGGG TAACCTACTACTACTATTCA 

In producing the 63 bp fragment, the following nine 
segments were prepared: 

(1) CTAGAGGGTAT 

(2) TAATAATGTTCC 

(3) CATTGG ATGAT 

(4) GATG ATAAGTTCC . 

(5) CAGCCATGTCCTTGTC 

(6) ATGGG AACATT ATTAATACCCT 

(7) TTATCATCATCATCCA 

(8) ATGGCTGGGAAC 

(9) CGG ACAAGG AC 

Using the above-prepared segments, the. T4 ligase. 
catalyzed joining reactions were performed stepwise as 
described below: 

(a) S'-Unphosphorylated segment 1 was joined to 
5'-phosphorylated segment 2 in the presence of S'-phos- 
phorylated segment 6 using T4 ligase to form DNA 
duplex 1 which was purified by 15% polyacrylamide 
gel electrophoresis. 

(b) 5'-Phosphorylated segments 3, 4 and 5 were 
joined in the presence of 5'-phosphorylated segments 7 
and 8 and S'-unphosphoryiated segment 9 using T4 
ligase to form DNA duplex 2 which was purified by 
\5% polyacrylamide gel electrophoresis. 
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(Q Duplexes 1 and 2 then were joined by T4 ligase to 
form a DNA duplex (116 in FIG. 16) which was puri- 
fied by 15% polyacrylamide gel electrophoresis. This 
DNA duplex was then enzymatically phosphorylated. 
using T4 polynucleotide kinase and [y- 32 P]ATP follow- 
ing established procedure. 

The DNA fragment of 46 bp, the sequence from the 
above-described Hpall site to the PvuII site, can either 
be constructed synthetically or obtained from the origi- 
nal pBP348 plasmid. Accordingly, one hundred micro- 
grams of plasmid pBP348 were digested in 400 ul of 
PvuII buffer with SO units of PvuII for 2 hours at 37* C 
After phenol extraction and ethanol precipitation, the 
DNA was dissolved in 400 pi of PstI buffer (100 mM 
NaCl; 10 mM Tris-HQ, pH 7.5; 10 mM MgCfe; and 6 
mM )3-mercaptoethanol) with 50 units of PstI for 2 
hours at 37* C The DNA fragments were electro- 
phoresed on a 6 percent polyacrylamide gel and the 135 
bp fragment containing the desired 46 bp sequence was 
recovered and purified by standard procedures. The 
recovered DNA was subjected to limited digestion by 1 
unit of Hpall restriction enzyme in 100 ul Hpall buffer 
for 10 minutes at 37* C After heating at 65* C for 10 
minutes, the DNA fragments were run on a 5 percent 
acrylamide gel (acrylamide:bis ratio 19:1) along with an 
appropriate size marker. The desired 46 bp fragment 
yielded by Hpall partial digestion of the 135 bp frag- 
ment (from 112 in FIG. 16) was purified by standard 
procedures. 

Two-tenths microgram of the Xbal-PvuII fragment 
of plasmid vector (115 in FIG. 16), 32 picomoles of 
synthetic 63 bp fragment (116 in FIG. 16), and 0.5 
picomoles 46 bp fragment (from 112 in FIG. 116) were 
incubated in 10 ul ligation buffer with 2 units of T4 
DNA ligase for 16 hours at 4* C. The ligation mixture 
was used to transform R coli JA221, and the resultant 
transforinants, which thus contained the desired plas- 
mid pNM789, were selected on ampirillm-ODntaining 

media. The identity of plasmid pNM789 (117 in FIG. 
16) was confirmed by conventionally screening for the 
presence of both the 494 bp PvuII the 109 bp Xbal- 
PvuII fragments. 

E. Final Construction of Plasmid pNM789B 
Plasmid pNM789 (117 in FIG. 17) requires one amino 
acid codon change for complete conversion to encode 
bovine growth hormone. This was accomplished by the 
removal of the 28 bp PvuII to BamHI fragment of plas- 
mid pNM789 and replacement with a synthetic double 
stranded fragment having the following sequence (118 
in FIG. 17): 

S*-CTOTGCCTTCTAO— y 

iiiiiiiiiiiiL^,, 

3'-G AC AC GGAAG ATCCTAG— 5 

Teh micrograms of plasmid pNM789 were digested 
with 1 unit of PvuII in 200 ul PvuII buffer for 5 minutes 
at 37* C After heating 10 minutes at 65* C, the mixture 
was diluted to 300 ul with the addition of BamHI: 
buffer, digested to completion with 10 units of BamHI 
for 1 hour at 37* C, treated with 5 units of alkaline 
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phosphatase, and incubated for 1 hour at 65* C The 
DNA fragments were separated on a 1 percent agarose 
gel, and a DNA fragment (119 in FIG. 17) about the size 
of linear plasmid pNM789 was conventionally purified. 
Two-tenths microgram of this fragment was ligated 
with 5 picomoles of synthetic fragment using 2 units of 
T4 ligase in 20 Iigase buffer. The ligation was carried 
out overnight at 4* C Following transformation, sev- 
eral plasmids were isolated and screened for the appro- 
priate PvuII (494 bp) and Xbal-BamHI (628 bp) frag- 
ments. Plasmids comprising the aforementioned frag- 
ments constituted the desired plasmid pNM789B (120 in 
FIG- 17). 

EXAMPLE 11 

Construction of Plasmid pCZlOl and R coli K12 
RV308/pCZ101 

A. Isolation of Plasmid pIM-r- A3 

The bacterium R coll K12/pIM-I'-A3 (NRRL B- 
15733) was cultured in TY broth (1% tryptone, 0.5% 
yeast extract, 0.5% sodium chloride, and pH 7.4) with 
50 jig/ml of kanamycin at. 25* C according to conven- 
tional microbiological procedures. Alter the culture 
was diluted 1:10 into fresh broth and after 3 hours incu- 
bation at 37* C, about 1.5 ml of the culture were trans- 
ferred to a 1.5 ml Eppendorf tube and centrifuged for 
about 15 seconds. Unless otherwise i n d i c a t ed, all the 
manipulations were done at ambient temperature* The 
resultant supernatant was carefully removed with a 
. fine-tip aspirate, and the cell pellet was resuspended in 
about 100 pi of freshly prepared lysozyme solution 
which contained 2 mg/ml lysozyme, 50 mM glucose, 10 
mM EDTA, and 25 mM TrisJicl at pH 8. About 200 ul 
of alkaline SDS (sodium dodecyl sulfate) solution (0.2N 
NaOH and 1% SDS) were added and the tube was 
gently inverted and men kept at 0* C until lysis was 
complete. (~5 minutes). Next, about 150 jd of 3M so- 
dium acetate were added, and the contents of the tube 
mixed gently by inversion. 

The tube was maintained at 0* C. for at least 60 min- 
utes and then centrifuged for 15 minutes to yield an 
almost clear supernatant The supernatant was trans- 
ferred to a second centrifuge tube to which 3 volumes 
of cold 100% ethanol were added. After the tube was 
held on dry ice-ethanol for 5 minutes, the resultant 
precipitate was collected by centrifugation, and the 
supernatant was removed by aspiration. The pellet was 
dissolved in a solution of RNAse Tl and RNAse A, 
incubated at 65* C for about 30 minutes, and then pre- 
cipitated as before. The collected pellet was dissolved in 
100 pi of TE (10 mM TrisJIO, pH 8.0 and 1 mM 
EDTA) and constituted the desired plasmid pIM-I'-A3 
DNA. 

B. Xbal-BamHI Digestion of Plasmid pNM789B and 
generation of the —0.6 kb Xbal-BamHI Fragment. 

About 5 pg of plasmid pNM789B DNA in 50 ul Hi 

Salt buffer* were incubated with 10 units each of 

BamHI and Xbal restriction enzymes at 37* C for about 

1 hour. After the addition of 5 ul of 3M sodium acetate 

at pH 7.0, the DNA was precipitated with 3 volumes of 

100% ethanoL The desired DNA digest was dissolved 

in 100 til of TE buffer and stored at 0* C for future use. 
♦fflSalt buffer ww conventionally prepared with the following compo- 

lOOmMNaCl 

20 mM TrisJiO, pH 8.0 
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lOmMMgCh 

5 mM /3-mercaptoethanol 

C Xbal-BamHI Digestion of Plasmid pIM-i'-A3 
The desired digestion was carried out in substantial 
accordance with the procedure of Example 1 IB except 
that plasmid pIM-I'- A3, rather than plasmid pNM789B, 
was used The desired DNA was dissolved in about 100. 
ul of TE buffer and stored at 0* C for future use. 
D. Ligation and Transfonnadon 
About 1 ug of the plasmid pIM-I'-A3 Xbal-BamHI 
digest i ug of the plasmid pNM789B Xbal-BamHI 
Zest, 40 til water, 5 ul (5 mM) ATP, 5 ul ligation 
mix*, and 5 units T4 DNA ligase were mixed together 
and incubated at 20" C for about 2 hours. After incuba- 
tion at 65* C. for 2 minutes followed by cooling on ice, 
the resultant ligation mixture was used to transform, in 
substantial accordance with the transformation proce- 
dure of Wensink, 1974, Cell 3-315, K coli K12 RV308 
on TY plates (1% tryptone, 0.5% yeast extract, 0.5% 
sodium chloride, 1.5% agar, pH 7.4) containing 50 
ug/ml of kanamydn. Bacterial strain K coli K12 
RV308 has been deposited and made part of the perma- 
nent stock culture collection of the Northern Regional 
Research Laboratory, Peoria, m., from which it is 
available to the public under the accession number 
NRRLB-15624. 

Some of the resultant transf ormants, as convention- 
ally shown by agarose gel electrophoresis (Maniatis et 
aL, 1982) and other tests, contained only the desired 
_108 kb plasmjd. Such a transformant, herein desig- 
nated as K coll K12 RV308/pCZ101, was selected, 
plated on TY agar containing kanamycin, and then 
cultured using conventional . microbiological tech- 
niques. The resultant cells were used to isolate plasmid 
pCZlOl in substantial accordance with the- procedure 
of Example 11 A A restriction site and function map of 
plasmid pCZlOl is presented in FIG. 18 of the accom- 

f^^^prcparrf with the following composite 
500 mM Tris-HCl, pH 7.8 
200 mM Dithiothreitol 
100 mM MgCh 

EXAMPLE 12 
Construction of Plasmid pCZl 1 
A. Construction of Intermediate Plasmid pCZ118 
Ten ug of plasmid pCZlOl were dissolved in 10 ul 
10X Ndel reaction buffer, 10 ul (-20 units) restriction 
enzyme Ndel, and 80 ul of HjO, and the resulting reac- 
tion was incubated at 37* C until the digestion was 
complete. The Ndel-digested plasmid pCZlOl DNA 
was precipitated and collected by centrifugation. The 
DNA pellet was dissolved in 10 ul 10X EcoRI reaction 
buffer, 2 ul (-20 units) restriction enzyme EcoRI, and 
88 ul of H2O, and the resulting reaction was incubated 
at 37* C for two hours. . ^ 

After again precipitating and collectmg the UNA, 
the Ndel-EcoRI-digested plasmid pCZlOl DNA was 
treated with Klenow enzyme in substantial accordance 
with the teaching of Example 5 A. The Klenow-treated 
DNA was diluted to a concentration of about 0. 1 ug/ul 
in ligase buffer and then self-ligated in substantial accor- 
dance with the teaching of Example 2H to form plasmid 
pCZ118. DNA sequencing revealed that the Klenow 
enzyme was contaminated with nuclease, but, although 
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some degradation did occur, the lpp promoter was not 
noticeably affected. . 

Competent R colt K12 RV308 cells were prepared 
and then transformed with the plasmid pCZl 1 8 DNA in 
substantial accordance with the teaching of Example 21, 
except that the cells were not incubated at temperatures 
higher than 25 # C after the. transforming DNAwas 
added Instead, the transfonning DNA was mixed with 
the cells and incubated on ice for 30 minutes to one 
hour, and then the cells were collected by centrifuga- 
tion. The cell pellet was resuspended in ~1 ml of li- 
bretti, and the suspension was incubated at 25 C for 
one hour before plating on selective plates. The K colt 
K12 RV308/pCZ118 transformants were identified by 
their kanamydn-resistant phenotype and by restriction 
enzyme analysis of their plasmid DNA. Plasmid 
pCZ118 DNA was isolated from the transformants by 
culturing them at low temperature (~25* C) in TY 
broth with kanamycin until the O.D. at 600 nm was 
between 0 J and 1.0 and then incubating them at 37* C 
for four or more hours. The cells were then collected 
and plasmid pCZ118 DNA isolated in substantial accor- 
dance with the procedure of Example IB. 

B. Construction of Intermediate Plasmid pCZ141 
1 Ten ug of plasmid pCZ118 DNA were dissolved in 
10 ul 10X BamHI buffer, 2 ul (-20 units) restriction 
enzyme BamHI, and 88 pi of HjO, and the rttultoig 
reaction was placed at 3T C for 2 hours. The BamHI- 
digested plasmid pCZ118 DNA was precipitated and 
collected by centrifugation. The DNA pellet was resus- 
pended in Klenow buffer and treated with Klenow 
enzyme in substantial accordance with the teaching of 
Example 5B. The BamHI-digested, Klenbw-treated 
plasmid pCZ118 DNA was then incubated at 65* C for 
five minutes. _ , . 

Ndel linkers (5'-CCATATGG-3'from New England 
Biolabs) were kinased, prepared for ligation, and ligated 
to the BamHI-digested, Klenow-treated plasmid 
pCZl 18 DNA in substantial accordance with the teach- 
ing of Example 5 A. After the linkers were ligated, ^so- 
dium acetate (NaOAc) was added to a final concentra- 
tion of 150 mM, along with 10 ul (-30 units) restriction 
enzyme Ndel, and the resulting reaction was incubated 
at 37* C until complete Ndel digestion was observed. 
The Ndel-digested DNA was then loaded onto a 1% 
agarose gel, and the -92 kb Ndel restriction fragment 
was isolated and purified in substantial accordance with 
the procedure of Example 2G. The ~5 jig of fragment 
obtained were suspended in 10 pi of TE buffer. 

Four ul of the above-prepared DNA were self- 
ligated, and the resulting plasmid pCZ141 DNA was 
^nsfbrmed into K colt K12 RV308 in substantial ac- 
cordance with the teaching of Example 12A. The K colt 
K12 RV308/pCZ141-tranrformants were identified by 
their kanamydn-resistant phenotype and by restriction 
enzyme analysis of their plasmid DNA. Plasmid 
pCZMl DNA was isolated from the transformants in 
substantial accordance with the teaching of Example 
12A. 

DNA sequencing of plasmid pCZ141 revealed that 
the BamHI overlaps were not "filled-in" as expected 
wfan treating with Klenow enzyme. Instead, the BamHI 
overlaps and some adjoining sequences were removed 
from the plasmid pCZl 18 DNA before the Ndel linkers 
were attached. This contaminating nuclease activity did 
not affect, in any material way, the subsequent steps in 
the construction of plasmid pCZ459. 
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G Construction of Intermediate Plasmid pCZIO 

Ten jig of plasmid pC2141 were dissolved in. 10 pi 
lOxXbal reaction buffer (500 mM Nad; 60 mM Tris- 
HC1, pH=7.9; 60 mM MgCh; and 1 mg/ml BS A), 5 ^tl 
(~50 units) restriction enzyme Xbal, and 85 pi of rhO, 
and the resulting reaction was incubated at 37* C. for 
two hours^ The Xbal-digested plasmid pCZ141 DNA 
was precipitated and collected by centrifugaooit The 
DNA pellet was resuspended in 10 pi 10X Ndel reac- 
tion buffer, 10 pi (—30 units) restriction enzyme Ndel, . 
and go pi of HiO, and the resulting reaction was incur 
bated at 37" C until the digestion was complete. 

The Ndel-Xbal-digested plasmid pCZ141 DNA was 
loaded onto a 1% agarose gel and the —8.6 kb restric- 
tion fragment was isolated and purified in substantial 
accordance with the procedure of Example 2G. Ap- 
proximately 5 fig of the fragment were obtained and 
suspended in 10 pi of TE buffer. 

A DNA linker of sequence: 

J, ^???TtTTtf[ttTgtTHt 

3'-TCCCATAATTATTACATAOCT 

TTTAAATAAGGAGOAATAACA— 3' 

was synthesized, kinased, and prepared for ligation in 
substantial accordance, with the teaching of Example 
2B. The single-stranded DNA sequences located at both 
ends of the linker allow ligation with the ~ 8.6 kb Ndel- 
Xbal restriction fragment of plasmid pCZ14L The Xbal 
site of plasmid pCZ141 is located just downstream of 
the Ipp promoter present on the plasmid. The linker 
depicted above is an adenyl- and thymidyl-rich se- 
quence that encodes a strong ribosome-binding site for 
any structural gene inserted at the Ndel recognition 
sequence. 

Two ul of the -8.6 kb Xbal-Ndel restriction frag- 
ment of plasmid pCZ141 and 100 picomoles of the 
above-described Xbal-Ndel linker were ligated, and the 
resulting plasmid pCZIO DNA was transformed into K 
coli K12 RV308 in substantial accordance with the 
teaching of Example 12A. This E. coli K12 
RV308/pC210 transformants were identified by their 
kanamycm-resistant phenotype and by restriction en- 
zyme analysis of their plasmid DNA. Plasmid pCZIO 
was isolated from the transformants in substantial ac- 
cordance with the procedure of Example 12A. A re- 
striction she and function map of plasmid pCZIO is 
presented in FIG. 19 of the accompanying: drawings. 

D. Construction of Intermediate Plasmid pCZ114 
The construction of plasmid pCZ114 is disclosed in. 
U.S. patent application Ser. No. 586,592, filed Mar: 6, 
1984, in Example 3, and is incorporated by reference 
hereto - 

Ten fig of plasmid pCZlOl DNA were dissolved in 
10 ul 10 X Xbal reaction buffer, 2 pi (~20 unite) restric- 
tion enzyme Xbal, and 88 ul of H 2 0, and the resulting 
digest was incubated at 37* C for 2 hours; The Xbal- 
digested plasmid pCZlOl DNA was precipitated, and 
collected by centrifugation. The DNA pellet-was dis- 
solved in 10 pi 10X BamHI reaction buffer, 2 pi (-20 
units) restriction enzyme BamHI, and 88 pi of H2O, and 
the resulting reaction was incubated at 37* C for 2 
hours. The Xbal-BamHI-digested plasmid pCZlOl 
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DNA was loaded onto a 1% agarose gel, and the — 10.2 
kb, Xbal-BamHI restriction fragment was isolated and 
purified in substantial accordance with the procedure of 
Example 2G. Approximately 5 jig of the fragment were 
obtained, suspended in 10 jil of TE buffer, and stored at 
-20* C 

Fifty u.g of plasmid pCZlOl DNA were dissolved in 
20 pi 10X BamHI reaction buffer, 5 pi (—50 units) 
restriction enzyme BamHI, 5 ul (-50 units) restriction 
enzyme HgiAI, and-170 jil of H2O, and the resulting 
reaction was incubated at 37* C. for 2 hours. The Bam- 
HI-HgiAI-digested plasmid pCZlOl DNA was loaded 
onto a 33% polyacrylamide gel, and the —0.6 kb Bam- 
HI-HgiAI restriction fragment was isolated and puri- 
fied in substantial accordance with the procedure, of 
Example 2A. Approximately 5 fig of the fragment were 
obtained, suspended in 10 pi of TE buffer, and stored at 
-20* C 

A DNA linker of sequence: 

y^TAOAOOOTATTAATA ATC TTC CCA JTO 
3^TCCCATAATTAT TAG AAO OOT AAC 

?t? ?ti ?tT Ttt tT? TT? ?ft r& 

CTC CTA CTA ATT TAC AAO OCT COO 

tT? T?? TT? T11 ??? ?T ? IH m 

TAC AGO AAC AGO CCC GAC AAA CGG 



AAC OCT OTGCT— V 

"I M I I 

TTO CGA *C— 5* 



was constructed, V*™*"**, and prepared for ligation in 
substantial accordance with the procedure of Example 
2B. The above DNA linker has single-stranded DNA 
extensions compatible with Xbal-HgiAI-cleaved DNA. 

Two fd of the -10.2 kb Xbal-BamHI restriction 
fragment of plasmid pCZlOl, 2 ul of the -0.6 kb Bam- 
HI-HgiAI restriction fragment of plasmid pCZlOl, and 
100 picomoles of the above linker were ligated, and the 
resulting plasmid pCZl 14 DNA was transformed into 
E. coli K12 RV308 in substantial accordance with the 
teaching of Example 12A The K coli K12 
RV308/pCZ114 transformants were identified by their 
kanamycm-resistant phenotype and by .restriction en* 
zyme analysis of their plasmid DNA. Plasmid pCZ114 
was isolated from the transformants in substantial ac~ 
cordance with the procedure of Example 12A. Plasmid 
pCZ114 has essentially the same , restriction site and 
function map as plasmid pCZlOll 

E. Construction of an -0.9 kb Ndel-Kpnl Restriction 

Fragment From Plasmid pCZU4 

Fifty fig of plasmid pCZ114 DNA were dissolved in 
10 pi lOxSmal reaction buffer (1.5M Nad; 60 mM 
Tris-HO, pH=7.4; 60 mM MgClfl 100 mM 2-mercap- 
tn^tmnnl; and 1 mg/ml BSAX 5 ul {— 50. units restric- 
tion enzyme Smal, and 85 ul of Hrf), and the resulting 
reaction was incubated at 37* C for 2 hours. The reac- 
tion was terminated by phenol and CHQ3 extractions, 
after which the Smal-dtgested plasmid pCZ114 DNA 
was collected by centrifugation. 

Ndel linkers (5'-CCATATGG-3', New England Bi- 
olabs) were kinased and ligated to the Smal-digested 
plasmid pCZ114 DNA in substantial accordance, with 
the procedure of Example 12B. After the ligation was 
terminated by phenol and CHCI3 extractions, the DNA 
was precipitated and collected. The DNA pellet was 
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dissolved in 10 pi 10X Kpnl reaction buffer (60 mM 
Nad; 60 mM Tris-HO, pH=7.5; 60 mM MgCl 2 ; 60 
mM 2-mercaptoethanol; and 1 mg/ml BSA), 5 pi (~50 
units) restriction enzyme Kpnl, and 85 pi of H2O, and 
the resulting reaction was incubated at 37* C. for 2 
hours. The reaction was terminated by heating at 65* C 
for 10 minutes. After cooling to room temperature, 20 . 
jil of 10X Ndel reaction buffer, 15 pi (—45 units) re- 
striction enzyme Ndel, and 65 pi of H2O were added to 
the KpnI-digested DNA, and the resulting reaction was 
incubated at 37* C for several hours. 

The Ndel-Kpnl digested DNA was loaded onto a 
3.5% polyacrylamide gel, and the —0.9 kb Ndel-Kpnl 
restriction fragment was isolated and purified in sub- 
stantial accordance with the procedure of Example 2A. 
Approximately 5 fig of the desired fragment were ob- 
tained, suspended in 10 pl f and stored at —20* C. 

F. Final Construction of Plasmid pCZ 1 1 

Ten jig of plasmid pCZIO DNA were dissolved in 10 
pi 10X Kpnl reaction buffer, 5 pi (—50 units) restric- 
tion enzyme Kpnl, and 85 pi of H2O, and the resulting 
reaction was incubated at 37* C for 2 hours. The reac- 
tion was terminated by a 10 minute incubation at 65* C. 
The KpnI-digested DNA was then digested with Ndel . 
by the addition of 20 pi 10X Ndel reaction buffer, 5 pi 
(—50 units) restriction enzyme Ndel, and 75 pi of H26, 
followed by a 2 hour incubation at 37* C 

The KpnI-Ndel-digested plasmid pCZIO DNA was 
loaded onto a 1% agarose gel, and the —7.9 kb Ndel- 
Kpnl restriction fragment was purified in substantial 
accordance with the procedure of Example 2Q. Ap- 
proximately 5 pg of the fragment were obtained and 
suspended in 10 pi of TE buffer. 

Two pi of the —7.9 kb Ndel-Kpnl restriction frag- 
ment of .plasmid pCZIO and 2 pi of the —0.9 kb Ndel- 
Kpnl restriction fragment of plasmid pCZ114 were 
ligated, and the resulting plasmid pCZll DNA was 
transformed into R coli RV308 in substantial accor- 
dance with the procedure of Example 12A. The R coli 
K12 RV308/pCZll transformants were identified by 
their kanamycin-resistant phenotype and by restriction 
enzyme analysis of their plasmid DNA. Plasmid pCZll 
was isolated from the transformants in substantial ac- 
cordance with the procedure of Example 12A. 

Plasmid pCZll was constructed to place a BamHI 
restriction enzyme recognition' site "downstream" from 
the Ipp promoter and synthetic ribosome-binding site 
present on plasmid pCZIO. This BamHI site allows 
insertion of a protein C activity-encoding DNA se- 
quence into plasmid pCZl 1, placing it underthe control • 
of the Ipp promoter. This construction is described in 
Example 13, below. 

EXAMPLE 13 

Construction of Plasmid pCZ460 and Expression of a 
Protein C Derivative In R coli 

A. Construction of Intermediate Plasmid pCZ451 

Ten fig of plasmid pCZll were dissolved: in 10 pi 
10X BamHI reaction buffer, 5 pi (— 10 units) restriction 
enzyme BamHI, 5 pi (— 10 units) restriction enzyme 
Ndel, and 80 pi of H2O, and the resulting; reaction 
incubated at 37* C for 2 hours. The Ndel-BamHI- 
digested plasmid pCZll DNA was loaded onto a \% 
agarose gel, and the — 8.6 kb Ndel-BamHI restriction 
fragment was isolated and purified in substantial accor- 
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dance with the procedure of Example 2G. Approxi- 
mately 5 jig of the fragment were obtained and sus- 
pended in 10 pi of TE buffer. 
A DNA linker of sequence: 

5'-TATGGCTCATCAGGTTCTGCG— 3' 
MINI III I! Ill I I I II 
3'-ACCGAGTA0TCCAAGACGCCTAGr-5' 

was constructed, kinased, and prepared for ligation in 
substantial accordance with the procedure of Example 
2B. The linker has single-stranded DNA extensions that 
allow ligation with the Ndel-BamHI-digested plasmid 
pCZll DNA prepared above. The linker was designed 
to encode a methionine codon and the codons for amino 
add residues 33-39 of nascent human protein C The 
linker was designed to be adenyl- and thymidyl-rich, yet 
stul encode the same amino acid sequence as in native 
human protein C As stated previously herein, die puta- 
tive signal peptide-encoding region of the nascent 
human protein C structural gene was not included in the 
expression plasmids designed for prokaryotic host cells. 

Two pi of the p8.6 kb Ndel-BamHI restriction frag- 
ment of plasmid pCZll and 100 picomoles of the above 
linker were ligated, and the resulting plasmid pCZ451 
DNA was used to transform R coli K12 RV308 in sub- 
stantial accordance with the procedure of Example 
12A. The R coli K12 RV308/pCZ451 transformants 
were identified by their kanamycin-resistant phenotype 
and by restriction enzyme analysis of their plasmid 
DNA. Plasmid pCZ451 DNA was isolated from the 
transformants in substantial accordance, with the teach- 
ing of Example 12A 

Plasmid p€Z451 was partially sequenced and found 
to have two Ndel sites in tandem where the Ndel link- 
ers were attached during the, construction of plasmid 
pCZll. Tandem Ndel sites were undesired and were, 
removed as described in Example 13C 

B. Construction of Intermediate Plasmid pCZ455 

Ten pg of plasmid pCZ451 were dissolved in 10 pi 
10X BamHI reaction buffer, 2 pi (—20 units) restriction 
enzyme BamHI, and 88 pi of H^O, and the resulting 
reaction was incubated at 37* C for 2 hours. The reac- 
tion was terminated by phenol and GHCb extractions, 
after which the DNA was precipitated and collected by 
centrifugation. The ~ 10 pg of BamHI-digested plasmid 
pCZ45 1 DNA were dissolved in 20 pi of TE buffo and 
stored at -20* C 

Due to the presence of a DNA restriction-modifica- 
tion system in R coli K12 RV308 that is not present in 
R coli K12 RR1, plasmid pHC7 DNA, as isolated in 
Example 1, must be transformed into and isolated from 
a host cell that modifies, but does not restrict, the plas- 
mid DNA. In the present construction, such cycling is 
not necessary because, the BamHI fragment isolated 
from plasmid pHC7 is not restricted by the R coll K12 
RV308 restriction system. In general, however, such 
cycling is necessary. R coll K12 JA221 (NRRL B- 
15211) is a suitable host for such cycling. 

Fifty pg of plasmid pHC7 DNA were dissolved in 10 
pi 10X BamHI reaction buffer, 5 pi (-50 units) restric- 
tion enzyme BamHI, and 85 pi of H2O, and the result- 
ing reaction was incubated at 37* C for two hours. The 
BamHI-digested plasmid pHC7 DNA was loaded onto 
a 1% agarose gel, and the ~L2 kb BamHI restriction 
fragment was isolated and purified in substantial accor- 
dance with the teflfffrmg 0 f Example 2G. Approxi- 
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mately 5 /ig of the fragment were obtained, dissolved in 
10 ul of TE buffer, and stored at —20° C . 

Two pi of the BamHI-digested plasmid pCZ451 and 
2 ul of the ~ 1.2 kb BamHI restriction fragment of 
plasmid pHC7 were ligated, and the resulting plasmid 
pCZ4SS DNA was used to transform R colt K12 
RV308 in substantial accordance with the procedure of 
Example 12A The R coli K12 RV308/pCZ455 trans- 
formants were identified by their kanamycin-resistant 
phenotype and by restriction enzyme analysis of their 
plasmid DNA; Plasmid pCZ455 was isolated from the 
transformants in substantial accordance with the teach- 
ing of Example 12A. 

The —12 kb BamHI restriction fragment of plasmid 
pHC7 could ligate with the BamHI-digested plasmid 
pCZ451 in either of two orientations. Only one of those 
orientations, designated plasmid pCZ455, correctly 
reconstructs the protein C-encoding DNA. Since the 
nucleotide sequence of protein C was available, restric- 
tion enzyme analysis readily identified the correct ori- 
entation. In plasmid pCZ455, the ~ 1.2 kb BamHI re- 
striction fragment is oriented so that the Bglll restric- 
tion enzyme recognition sequence located in the —1.2 : 
kb BamHI restriction fragment is placed as close to the. 
Xbal restriction enzyme recognition , sequence located 
at the 3' end of the Ipp promoter as possible. 

C Construction of Intermediate Plasmid pCZ459 

As described in Example 13 A, the presence of tan- 
dem Ndel restriction sites in plasmids pCZ451 and 
pCZ455 was undesired. The tandem sites were located 
between the lpp promoter and the start triplet of the 
protein C-encoding DNA and could have caused out- 
of-frame reading of the mRNA transcript of the protein 
C coding sequence Consequently, fifty pg of plasmid ' 
pCZ455 were dissolved in 10 ul 10X Kpnl reaction 
buffer, 5 ul (~ 50 units) restriction enzyme Kpnl, and 85 
pi of H26, and the resulting digest was incubated at 37* 
C for two hours. The KpnI-digested plasmid pCZ455 
DNA was then digested with Ndel by the addition of 20 
ul lOxNdel reaction buffer, 15 ul (~45 units) restric- 
tion enzyme Ndel, and 65 ul of H2O, followed by incu- 
bation of the resulting reaction at 37* C until the Ndel 
digestion was complete. 

The ~1.9 kb Ndel-Kpnl restriction fragment was 
isolated from the reaction mix and purified in substantia] 
accordance with the procedure of Example 20. Ap- 
proximately 5 jig of the .fragment were obtained and 
suspended in 10 pi of TE buffer. 

Two pi of the —7.9 kb Ndel-Kpnl restriction frag- 
ment of plasmid pCZIO prepared in Example 12F and 2 
ul of the —1.9 kb Ndel-Kpnl restriction fragment of 
plasmid pCZ455 were ligated, and the resulting plasmid 
pCZ459 DNA was transformed into R colt RV308 in 
substantial accordance with the procedure of Example 
12A. The R coli X12 RV308/pCZ459 transformants 
were identified by their kanamycin-resistant phenotype 
and by restriction enzyme analysis of their plasmid 
DNA. Plasmid pCZ459 was isolated from the transfor- 
mants in substantial accordance with the procedure of 
Example 12A A restriction site and function, map of 
plasmid pCZ459 is presented in FIG. 20 of the accom- 
panying drawings. 

Plasmid pCZ459 comprises the lpp promoter posi- 
tioned for expression of DNA encoding a methionine 
codon followed by DNA encoding, the codons for 
amino acid residues 33-445 of nascent human protein C, 
as numbered above. Thus, plasmid pCZ459 comprises 
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almost all of the nascent protein C structural gene, lack- 
ins only that portion encoding amino acid residues 2-32 
of the eukaryotic signal peptide and the last 16anuno 
acid residues at the carboxy-terminus of protein C. The 
DNA located at the 3' end of the protein C-encoding 
portion of plasmid pCZ459 originated from the lipopro- 
tein gene of £ coll and is transcribed along with the 
protein C-encoding DNA. 

The mRNA transcribed from the lpp promoter of 
plasmid pCZ459 is translated into a polypeptide that has 
a methionyi residue at its amino terminus which is fol- 
lowed by amino acid residues 33-445 of nascent human 
protein C which are then followed by the ammo acid 
sequence (using the definitions provided above): 

LYS— ASP ASP— ALA— ALA— ARG — ALA— ASN — 

which is encoded by the lipoprotein gene-derived 
DNA. This fused gene product has a calculated molecu- 
lar weight of 50.5 kilodaltons (kd), and when R colLKn 
RV308/pCZ459 transformants are cultured at 37 C, 
they produce granules comprising this product 

The granules also comprise two distinct sub-frag- 
ments of the fused gene product, of observed molecular 
weights of about 35 kd and 22 kd. Theoretically , the» 
subfragments are produced by cleavage of the fused 
gene product at the LYS-ARG sequence located be- 
tween the light and heavy chains of human protein C 
(amino acid residues 198 and 199 of nascent human 
protein Q, which yields polypeptides of calculated 
molecular weights of 31.7 kd and 18.8 kd. The fused 
gene product and both of the subfragmerits react with 
polyclonal antibody directed against native human pro- 
tein C 

Construction of Intermediate Plasmid pUC19HC and 
Isolation of Its -80 pp BamHI Restriction Fragement 
Ten ug of plasmid pUC19 (commercially available 
from Pharmacia P-L Biochemical, Inc., 800 Centennial 
Ave^ Rscataway, NJ. 08854) were dissolved in 10 ul 
10X PstI reaction buffer, 2 ud (-20 units) restrictions 
enzyme PsO, and 88 pi of IfcO, and the resulting reac- 
tion was incubated at 37' C for 2 hours. The reaction 
was terminated by phenol and CHOa extractions, after 
which the DNA was precipitated and collected by 
centrifugation. The Pstl-digested, plasmid pUC19 
DNA pellet was dissolved in 20 uJ of TE and stored at 
-20* C 

Two ul of the Pstl-digested plasmid pUC19 DNA 
were ligated to 1 pi of the -0.88 kb PstI restriction 
fragment of plasmid pHC7 prepared in Example 2D, 
and the resulting plasmid pUC19HC DNA was used to 
transform R coU K12 RR1AM15 (NRRL B-15440) in 
substantial accordance with the procedure of Examples 
2G and 2H. The transformed cells were plated on L- 
aigar indicator plates containing 50 ug/ml ampiculin, 1 
mM WTO Cisoin^yl-^D-thiogalactoside), and 50 
jig/ml xG (5^romc-4^orc-3-mdolyl-/3-D-galacto- 
side> f cells transformed with plasmid pUC19 appeared 
blue on the indicator plates, whereas cells transformed 
with plasmid pUC19HC were white on the indicator 
plates. 

Since the -0.88 kb PstI restriction fragment of plas- 
; mid pHC7 could insert in either of two orientations, 
restriction enzyme analysis of the plasmid DNA was 
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used to identify the R coll K12 RRIAM15/pUC19HC 
transfonhants. Plasmid pUC19HC was designated to be 
that orientation which placed the BamHI restriction site 
located —60 bp from one of the PstI overlaps of the 
—0.88 kb PstI restriction fragment closest to the 
-BamHI restriction site of the plasmid pUC19-derived 
DNA. Plasmid pUC19HC was isolated from the trans- 
formants in substantial accordance with the procedure 
of Example 1, except that ampidllin was the antibiotic 
used for selection, not tetracycline; 

One hundred jtg of plasmid pUC19HC DNA were 
dissolved in 10 pi 10X BamHI reaction buffer, 10 pi 
. (—100 units) restriction enzyme BamHI, and 80 pi of 
H2O, and the resulting reaction was incubated at 37* C 
for two hours. The BamHI-digested plasmid pUC19HC 
DNA was loaded onto a <L5% polyacrylamide gel, and 
the — 80 bp BamHI restriction fragment was purified in 
substantial accordance with the procedure of Example 
2A. Approximately l*pg of the fragment was obtained, 
suspended in 5 pi of TE buffer, and stored at —20* C 

E Preparation of BamHI-Digested Plasmid pCZ459 
and Final Construction of Plasmid pCZ460 

Five pg of plasmid pCZ459 were dissolved in 2 pi 
10X BamHI reaction buffer, 1 pi (—5 units) restriction 
enzyme BamHI, and 17 pi of H2O, and the resulting 
reaction was incubated for 5 minutes at 37* C The 
reaction was terminated by phenol and CHGI3 extrac- 
tions; the reaction time was brief in order to obtain a 
partial BamHI digestion. After precipitating and col- 
lecting the partially BamHI-digested plasmid pCZ459, 
the DNA pellet was suspended in ligase buffer and 
ligated to 2 pi of the —80 bp BamHI restriction frag- 
ment of plasmid pUC19HC in substantial accordance 
with the t^hfag of Example 2H. 

Hie ligated DNA, constituting the desired plasmid 
pCZ460 DNA, was used to transform R coli K12 
RV308 in substantial accordance with the procedure of 
Example 12A. The K coli K12 RV308/pGZ460 trans- 
formants were identified by their kanamycin-resistant 
phenotype and by restriction enzyme analysis of their 
plasmid DNA. Plasmid pCZ460 was obtained from the 
transformants in substantial accordance with the proce- 
dure of Example 12A. 

The —80 bp fragment could insert in either of two 
possible orientations and in other of the two BamHI 
restriction enzyme recognition sites of plasmid pCZ459. 
Thus, a variety of plasmids were produced in the above- 
described ligation. Plasmid pCZ460 was the designation 
given to the plasmid resulting from the insertion of the 
—80 bp BamHI restriction fragment in both the proper 
BamHI site and also the orientation necessary to recon- 
struct the protein C-encoding DN A sequence. Thus, in 
plasmid pCZ460, amino acid residues 33-461 of nascent 
human protein C are properly encoded on a contiguous 
DNA segment located in transcriptional reading phase 
with the Ipp promoter also present on the plasmid. Re- 
striction enzyme analysis of plasmid pCZ460 revealed 
that more than one of the —80 bp BamHI restriction 
fragments were ligated into the partially BamHI- 
digested plasmid pGZ459 starting material Because the 
correct protein C-encoding DNA sequence was recon- 
structed properly, the additional fragments present on 
the plasmid neither interrupt nor extend protein C- 
encoding DNA sequences. 

R coli K12 RV308/pC2460 (NRRL B-15927) trans- 
formants produce granules comprising the protein C 
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derivative encoded on plasmid pCZ460. The protein C 
derivative has an observed molecular weight of about 
50 kilodaltons, actually calculated from the DNA se- 
quence to be about 483 kd. The & coli K12 
RV308/pGZ460 transformants produce three distinct 
polypeptides of observed molecular weights of 50 kd, 
22 kd, and 34 kd that cross-react with anti-human pro- 
tein C polyclonal or monoclonal antibody. The 22 kd 
and 34 kd polypeptides are believed to arise from cleav- 
age of the 50 kd protein C derivative at the lysine and 
arginine residues (corresponding to residues 198 and 
199 of the amino add sequence given for nascent human 
protein C, above) that separate the light and heavy 
chains of active human protein C, which would yield 
polypeptides of calculated molecular weights of 29.5 kd 
and 18.8 kd. 

EXAMPLE 14 
Construction of HepG-2/pL133 Transformants 

Although the following procedure describes the con- 
struction of HepG-2/pL133 transformants, it is equally 
applicable for the construction of HepG2 transformants 
of any of the other plasmids of the present invention, 
such as plasmids pSV2-HPC8, pL132, pL151, pMSV- 
HPC pL141, pL142, and pMMTABPV-HPC Further- 
more, the procedure given is generally applicable to the 
cell lines listed as preferred cell lines in Table I of the 
present specification. Transformation procedures for 
eukaryotic host cells are well known in the art, Lc 
Wigler et aL, 1979, P.RA.S. USA 76:1373 and Graham 
et aL, 1973, Virology 52:456. 

A- Preparation of the Cells 

A culture of human hepatoblastoma cells, HepG-2 
(ATCC # HB 8065) was passaged one to two days prior 
to the transformation, so as to provide 40-50% conflu- 
ency on the day of the transformation. The media was 
changed two to three hours before the transformation. 
One 25 cm 2 flask of cells is needed for each transforma- 
tion. 

B. Preparation of the DNA 

Ten to twenty pg.of plasmid pL133 DNA were 
added to 62.5 pi of 2M CaChand 437.5 pi of HrfX The 
0.5 ml of DNA were then added dropwise to 0.5 ml of 
2X HeBS (10 g/L Hepes, pH«7.5; 16 g/L Nad; 0.74 
g/LKO; 0.25 g/LNajPO* and 2 g/L dextrose), form- 
ing a milky precipitate. The mixture was allowed to 
stand for 10-20 minutes at room temperature before it 
was added to the cells. A longer incubation time may 
result in a coarser precipitate that does not transform 
well, but sometimes a longer incubation time may be 
necessary, to form a precipitate. 

C Transformation of the Cells 

The I ml DNA solution prepared in Example 14B 
was added to a 25 cm 2 flask of HepG-2 cells with gentle 
agitation and incubated at 37* C for 3-4 hours. Using 
care not to detach the cells, the cells were washed twice 
with senim-free growth media (Dulbecco's Modified 
Eagle Medium, Gibco). One ml of HeBS with 15% 
glycerol was added to the cells, which were then incu- 
bated at 37* C for two minutes. 

The "glycerol-shock" incubation was terminated by 
the addition of serum-free growth media, followed by 
two washes with serum-free growth media. Complete 
fresh growth media containing a serum-substitute (ei- 
ther bovine serum albumin or Ultroser-G, which is 
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marketed by Reactiff I.B.F. Foe; Chim. (LKB), Pointet 
Girard. 92390 Villeneuvela Garenne, France) and 1Z5 
Mg/ml vitamin Kj was then added, and the cells were 
returned to a 37* C incubator. Fetal calf serum was not 
used in the media, because it contains bovine factors and 
proteases that interfere with protein C assays. 

For transient assays, usually terminated about 96 
hours post-transformation, sodium butyrate was added 
at 5 mM final concentration. For transformations in- 
volving a plasmid that comprised a selectable marker 
such as the G418R or dhfr gene, when selection of 
stable transfonnants was desired, the sodium butyrate 
was not added, and the selective agent (e.g., 400 ug/ml 
G418) was added about two to four days post-transfor- 
mation. At this time complete media containing fetal 
calf serum is added, and cells are allowed to propagate 
m selection media for two to three weeks with a change 
of media every 5-7 days. Individual clones are then 
isolated for further analysis. 

D. Assay for Protein C 
HepG.2/pL133 transfonnants and HepG-2 mock- 
transformed cells were assayed for protein C about 96 
hours after transformation. Mock-transformed cells 
have been subjected to the transformation procedure 
but have not been exposed to trarisformmg DNA. The 
assay requires antibody directed against protein C, as 
described below. Purification of protein C, for subse- 
quent use to prepare antibody against protein C, can be 
accomplished as described by Kisiel, 1979, J. Clin, In- 
vest 64:761. Polyclonal antibody can be prepared by 
the procedure disclosed in Structural Concepts in Immu- 
nology and Immunochemistry by E. A. Kabat, published 
in 1968 by Holt, Rhinehart, and Winston. Monoclonal 
antibody can be prepared as disclosed in Kohlerand 
MHstein, 1975, Nature, 256:495. 

Goat anti-human protein C polyclonal antibody was 
incubated overnight in a 96-well tissue culture dish to 
bind the antibody to the plastic After washing the wells 
with buffer, media samples from HepG-2/pL133 trans- 
fonnants and from mock-transformed HepG-2 cells 
were added to the wells. The media samples were taken 
96 hours post-transformation. After incubating the 
media samples in the wells for two hours at 37* C, the 
r wells were rinsed with buffer, and mouse anti-human 
protein C monoclonal IgG was added to the wells and 
incubated overnight at 4* C 

After rinsing out the unbound monoclonal antibody 
with buffer, peraridase-conjugated, sheep anti-mouse 
IgG was added to the wells and incubated at 37* C for 
2 hours. After rinsing with buffer, a solution of ABTS 
(2^azmoKti-3^ylbenzthiazoI^ was 
added to the wells, and incubation in the dark at room 
temperature was continued, with optical density of the 
samples being measured at 405 nm every 30 minutes for 
2 hours. 

In essence, the assay works by the protein C becom- 
ing bound to the polyclonal antibody which is attached 
to the dish. The monoclonal antibody then attaches to 
the protein C, and the;peroxidase-conjugated, anti- 
mouse IgG becomes bound to the monoclonal antibody 
The peroxidase reacts with ABTS in a time-dependent 
reaction to give a product that strongly absorbs at 405 
nm. Simply stated, the more protein C in the sample, the 
higher the O.D. measurement at 405 nm. 

The HepG-2/pL133 transfonnants gave readings up 
to ten fold higher than those from mock-transformed 
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cells* indicating plasmid-driven expression of protein C 
in the HepG-2/pL133 transformants. Because HepG-2 
cells, comprise a chromosomal protein C structural 
gene, mRNA was isolated from the transformants to 
determine if plasmid-encoded, protein C message was 
present The transformants were shown to have ~5x 
more plasmid-derived protein C mRNA than 
chromosomal-derived protein C mRNA. The readings 
correspond to about 100 ng to 300 ng of protein C per 
ml of conditioned media. 

Similar assays were conducted with CHO-K1 
(dhfr-)/pL141 transformants, and about 1.8 fig of pro- 
tein C were observed per ml of conditioned media. 
CHO-Kl(dhfi~) host cells, such as DXB11 host cells, 
lack the wild-type dihydrofolate reductase gene found 
in CHO-K1 cells. Such dhfr- CHCUK1 host cells can be 
generated in accordance with the procedure disclosed 
in Urlaub and Chasin, 1980, P.NJLS. 77:4216. The 
DXBll/pL141 transformants express more protein C, 
because more copies of the recombinant protein C gene 
are present in DXBll/pL141 transformants than in 
HepG-2/pL133 transformants due to the amplification 
of the recombinant DNA. As stated above, this amplifi- 
cation is well known in the art (see U.S. Pat No. 
4,399,216, issued 8/16/83) and is accomplished by ex- 
posing the host ceUs transformed with a plasmid com- 
prising a wild-type dhfr gene to increasing amounts of 
methotrexate. This methotrexate-mediated amplifica- 
tion can be accomplished in a wide variety of host cells 
and is not limited to dhfr- cell lines. Protein C assays 
conducted with LLC-MKi/pL132 transformants 
showed about 25 ng of protein C per ml of conditioned 
media.- 

EXAMPLE 15 

Activation of Recombinant Human Protein C Zymogen 

This example applies to recombinant human protein 
C isolated from conditioned tissue culture medium from 
mammalian cells expressing and secreting recombinant 
human protein C Protein C contained in conditioned 
tissue culture medium can also be-activated directly, 
without prior purification. 

The activation makes use of rabbit thrombomodulin 
completed with bovine thrombin; the complex is 
bQized on agarose beads. The agarose beads are sedi- 
mentable and are therefore readily removed from the 
activation mixture. The thrombomodulin-thrombin may 
be immobilized to agarose beads in the following man- 
ner. A monoclonal antibody with high binding affinity 
for rabbit thrombomodulin is covalently linked to cross- 
linked agarose beads with 6-8 carbon atom arms (e.g., 
AffigeliM 102 or Affigel tm 202, Bio Rad, Richmond, 
Calif.). The purified murine IgO monoclonal antibody, 
depending on the chemical structure of the arm of the 
crosslinked agarose, can be linked covalently via its free 
carboxyl or free amino groups using conventional car- 
bodiimide compounds for covalent linkage. For exam- 
ple, approximately 0.15 OD units of IgG protein may be 
covalently linked to the agarose gel matrix. Next, a 
highly purified rabbit thrombomodulin preparation is 
diluted to 0.15 OD units/ml with a buffer that is 0.02M 
Tris-HCl, pH 7.4, and 0.15M in Nad Then, one vol- 
ume of packed agarose beads with monoclonal and- 
thrombomodulin antibody attached is mixed with one 
volume thrombomodulin and the mixture incubated 
overnight with gentle mixing. 

The beads are then centrifuged, and the amount of 
thrombomodulin bound is estimated by determining the 
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Aiso of the supernatant, assuming an Ei% (extinction 
coefficient) of 8.8 and a M/. (molecular weight) of 75 kd 
for the purified protein. Bovine thrombin purified to 
apparent homogeneity (specific activity: 2,000 NIH 
U/mg) is added in amounts slightly in excess of the 
amount calculated to be equimolar to the immobilized 
thrombomodulin. The beads are then incubated from 30 
minutes to overnight at 4* C Following this incubation, 
the beads are washed 6-10 times with the 0.02M Tris- 
HCI, pH 7.4, and 0.15M Nad buffer, and the beads are 
then stored at 4" C in this buffer. 

One ml of the purified protein C solution or protein 
C-COTtaining tissue culture media is added to 50 microli- 
ters of packed beads and incubated on a rocker for 30 
minutes at 37* C. The activation of the zymogen to the 
activated serine protease readily occurs in a variety of 
physiological pH and ionic strength buffers usually 
containing one mg/ml bovine serum albumin (radioim- 
munoassay grade, Sigma, St Louis, MO). The activa- 
tion reaction requires calcium, and therefore, CaCh is 
usually added to the activation mixture to a final con- 
centration of 0.005-O.025M. 

At the end of the incubation period, the beads are 
removed by ceatrifugation, and human antithrombin 
m, purified to apparent homogeneity, is added to 
quench any free thrombin which is stOl present Twenty 
fll of purified antithrombin m (1 OD unit/ml) is added 
to each 500 .microliters of activation mixture. After 15 
minutes incubation at room temperature, the activation 
mixture is then tested for activated protein C activity 
using the synthetic peptide paranitroanilide (pNA) sub- 
strate, H-D-Phe-Pip-Arg-pNA (S-2238, Kabi-Vitrum, 
Stockholm, Sweden), or other tripeptide paranitroani- 
lide substrates sensitive to activated protein C 

By this technique, activation and expression of acti- 
vated protein C activity is possible with protein C, 
irrespective of . whether the post-translational y-car- 
boxylation modification has occurred. However, the 
activation rate of **gla-less" protein C is about 20% of 
the activation rate of the protein which has undergone 
post translational modifications. If the expressed prod- 
uct does not contain y-carboxyglutamate residues, the 
activation incubation period is prolonged to the-extent 
which takes this slower activation rate into account 

Alternatively, activated protein C activity can be 
measured in a clotting assay which utilizes bovine clot- 
ting factor Xa, purified to apparent homogeneity, and 
which measures the rate of inaenvation of clotting fac- 
tor Va, the obligatory, activated protein C-sensitive 
cofactor in the factor Xa mediated conversion of pro- 
thrombin . into thrombin. Conditioned media from 
HepG-2/pL133 transformants has been subjected to the 
activation procedure described above and, as demon- 
strated by the clotting assays, has been shown to have 
~2X to more activated protein C (—250 ng/ml) than 
mock-transformed HepG-2 cells (~ 125 ng/ml). 

Protein C isolated from the medium of CHO-K1- 
(dhfr-)/pL141 transformants was activated in accor- 
dance with the procedure of this Example and tested in 
the clotting and amidolytic assays. The assays demon- 
strated that the protein C was active and indicated that 
the transformed CHO-Kj host cells possessed substan- 
tial y-carboxylase activity. Because many polypeptides, 
including, but not limited to, vitamin K-dependent ser- 
ine proteases, such as protein C, require y-carbpxylation. 
for at least a portion of their biological activity, and 
because few cell lines, such as, for example, the HepG-2 
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and H4IDEC3 cell lines, possess y-carbqxylase activity, 
the expression of substantial y-carboxyiase activity in 
CHO-K1 host cells was unexpected Therefore, the 
present invention also comprises a method for using 
CHO-K1 host cells, including the dhfr- derivatives 
thereof, to produce y-carboxylated polypeptides, espe- 
cially the vitamin K-dependent serine proteases, such as 
human protein C 

Whether an amidolytic or clotting assay is itriifwf 
calibration curves are typically established using highly 
purified activated protein C derived from human 
plasma as the standard. 

The immobilized thrombomodulin-thrombin prepara- 
tion is reuseable; full activating activity is readily re- 
gamed after repeated washing of the beads in the 0.02M 
Tns-HCI, pH 7.4, and 0.15M NaQ buffer. 

This technique is suitable for the activation of larce 
quantities of protein C in large volumes. If large vol- 
umes are to be activated, the beads are packed into a 
column of appropriate size for the amount of protein C 
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